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ABSTRACT. * 
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millwrights; Introductory material^ are a complete listing of a\l 
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Safety and Electricity 

Fire Types and Prevention , 
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Atcniic Theory 
Electrical Conduction 
Basics of. ofrect Current 
Introduction to Circuits 
Reading Scales 
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FORM'S Law 

Power and Watt's Law j 
Kyrchoff's Current Law ^ ^ 
Kirchpff 's Voltage Law 
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Parallel Resistive Circuits- 
Series - Parallel Resistive Circuits 
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Magnetism ■ ' ' ^ 

COMPUTERS 



Digital I^ngviage 
Digital Logil 
Computer Overview 
Ccitputer Software 

TOOLS * ' .. ' 



Boring and Drilling Tools 

Cutting Tools, 'Piles and Abrasives 

Holding' and * Fasteiting Tools , 

Fastening Devices 

Basic Science - Simple Mechanics • 

Fasteners 
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* 5.1 lypes of DrawiiTg aund View5 ' 

' 5.2 .Sketching * 

, . 5.3 'Blueprint Reading/Working brawings ' . 

5.4 ' Working Drawings for Machines and Welding 

5.5 Machine and Welding Symbols 

5.6 ' Blueprint" Heading , **Draf ting : ■ Basic Print Reading 

5.7 BluefilriTTt Reading, Drafting: Basic Print Reading 

5.8 Blueprint Reading, Drafting: Basic Print Reading 

5.9 Blueprint Reading, Drafting: Basic Print; "^Reading 
.5.10 ' Blueprint Reading, Drafting: Basic Print Reading 

5.11. Blueprint Reading, Drafting: Basic Print Reading 
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\ *6.2 Feedback 

6.3 ' Individual Strengths i. 

' 6.4 Interpersonal 'Conflicts 

6.5 Group Problem Solving 

6.6 Goal-setting and Decision-making 
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6.12 Personal Finance 



BOILERS 

7.1 Boilers - Fire Tube Types ^ 

7*.2 Boilers - Water^ube lypea 

7.3 Boilers - Construction 
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7.9 Boilers - Piping 6nd Steam Traps * ^ 

TtJRBINES 

8.1 Steam Turbines - Types 

8.2 Steam Turbines * Ceirponents 

8.3 Steam Turbines^- Auxiliaries 
8*. 4 Steam Turbines - Operation and Maintenance 
8.5 Gas Turbines 
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Supplementary 
Packet I 

T7.3 • * 



1.8.1 

> 18.1 
18.2 



19,1 
19. i« 

20.1 
21.1 

22.1 



.Description \ ,^ 

Correspondence Course, Ucture 7; Sec .,2, Steam Generators, Boiler 
Feedwater Treatment, S.A.I.T.. Calgary, Alberta, Canada 

Ccirrespohdence Course, Lecture 2, Sec. 5, Electricity, Direct 
Current Machines, S.A.L.T,, Calgary, Albfirta. Canada 

Correspondence Course, lecture 4^Sec^5, Electricity, Alternating 
'Current Generators, S.A.IJ., Calgary, ^Allrerta, Canada 

' '• . ' • '• . - • _ 

^ Corr*espondente Course, , lecture 5» Sec. 4, Prime Movers & Auxil- 
iaries, Air Compressor I, .S.A.I.T. . talgary, Al.berta, 'Canada 

• V • .• . 

Correspondence Cou>^se, Lecture. 6, Sec. 4, Prime Movers & Auxil-' ' 
iari€S, Air Compressors II, S.A J .T.^, C&lgary, Alberta, Canada 

^ Basic Electronics, Power Transformers, EL-BE-51 

f ■ ^ 

Correspondence Course, Lecture 6, Sec. 5, Electricity, Swi.tchgear 
& Circuit, Protective Equipment, S./\.I.r., Calgary, Alberta, 
Canada| . ' ' ' 

Correspondence Course, Lecture 10,, Sec. 3, Prime.Movers, PoWer 
Plant Er6ctiori.& Installation, ^.A.KT., Calgary, Alberta, Canada 



Rel ated Trai-ni nq. Modul e 
12.3 ' Fgedwater, Testing 



11.1 Generators, Types & 
^ ' Construction / i 

1l .1 Generators, Types &' 
Construction 
.' ia.2 Generators, Operation 

13.1 Air Compressors: Types 



13.1 "Air Compressors, Types 

13.2 Air. Compressors, Operation 
&^ Maintenance 

15.4 , TransforTTiers 

15.3 Circuit Protectioc 



15.1 Installation Foundations^ 
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^ RECOMMENDATIONS FOR USING TRAINING -MODULES 

• ■ ■ * 
\ The following pages list modules and their corresponding numbers for thi 

particular apprenticeship trade. As related training classroom hours 

vary for differ^ent reasons throughout* the state*, we recommend that 

the individual apprenticesh-ip committees divide the total packets t^ . 

fit their ^ildi'v.idual cla'ss schedules. 

- ^ ■ ■ ■ ■ • • • X 

'There are .over 135 modules available. Apprentices can complete the 
whole set the end of their irtd'entured apprenticeships. Some 
apprentices may already have knowledge and skills that are covered 
in particular modules. In those cases, perhaps credit could be 
granted for tho'se subjects* allowing appren.tcies to advance to the 
remaining modules ' , * 

We suggest the the apprenticeship instructors assign the modules in 
numerical order to make this learning tool most effective. 




SUPPLEMENTARY INFORMATION 



ON CASSETTTE TAPES 



Tape 1: Fire Tube Boilers - Water Tube Boilers 

» and Boiler Manholes and Safety Precautions 



Tape 2;.; B9iler Fittings, Valves, Injectors, 
\^ Piuips and Steam Traps 



Tape 3: Combustion, Boiler Care and Heat Transfer 

and Feed Water Types 

■ i, 



Tape 4: Boiler Safety and Steam Turbines 



NOTE: The above cassette tapes are intended as additional 
reference material for the respective modules, as 
indicated, and not designated as a required assignment. 



/ 
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Modules 18,1, 19.1, -and 20.1 h^ve been omitted because they contain 
dated materials. ^ - 
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^ FEEDWATER — TYPES aUd EQUIPMENT 




Goal: 



dble to ' 



The apprentice will be 
\lescrli>e feedwater typBSNand equipment. 
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PerformanceMndlcators: 



!• Describe types of water < 

9 

2» Describe equipment for 
clarification* 

3* Describe equipment for 
softening. 

4. Describe equipment for 
ehermal treaXffient* 
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INSTRUCTIONAL LEARNING SYSTEMS 





^ Read the goal and performance indicators to find what is to be learned from 
package. / ^ - ' 

r 

' Read the- vocabulary list to find new words that will be used in package. 

* , Read the inttoduction' and information sheets. ! ' 

* Complete the job shpet* 

V ^ 

* Complete self-assessment. 

* ^ ' . ! 

* Complete post-assessment. v | - 
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^ Anion exchanger 

* Cjation exchanger 

* Clarification 

* closed feedwater heater- 

* Coagulants 

* Deaerator 

* Demineralization 

* Dissolved gases 
ijf^ Embrittlement 

^ Estuarine water 

* Filters' 

* Flash evaporator 
. * ^Hard water 

* Open feedwater heater 

* Rain water 

* • ^ Scheens and strainers 

* Settling badin f 

K 

* Shell and tube evaporator 
^ Soft water 

* Softening 

** Suspended matter 



V 
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INSTf )UC riONAL U'AHNING S VS' I kWyi'/ 




Raw water found in many forins of purity. Rain water hits the earth in a 
reasonably^ pure form^ except for the oxygen and carbon diqxide it has picked up 
on its way down. In areas with acid rain, it might clollect far more than oxygen 
and carbon dioxide ♦ 

Once the water has percolated through ,earth and rocks, it becomes either hard 
water or soft water. This depends on the chemicals picked up as it percolated 
hrough the rocks. * . ' 



One can safely assume that all types of waiter needs\treatment before' it is 

placed in a boiter. Such treatments require equipment for clarification, 

softening and heating. This package describes some of the: equipment needed for 
feedwater treatment. 
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INSTLHyCTIQPIAL LEARKINQ SYSTEMS 





TYPES OF WATER 



Feedwater comes from seyeral natural sources that have different leyelfe of -water 
qifalltyt The basic categories of,.naturar water are: ■ 

! • Rain water o * 

2. Hard water / ' , , 

3 1 Soft water ' . - , 

A. Estqdrine water 

Rain Water 



Rain water has a high level^f carbon dioxide and oxygen. This causes it to be 
corrosive^ It is low in mineral cpntent which reduces the problem from scale. 
Still it must be treated to remove the dissolved gases which cause corrosion, 

iH ard Water 

Hard kater is merely rain water that has traveled through rocks and earth* It 
picks up calcium and magnesium in the protess pf moving through the earth. The . 
calcium and magnesium is in the form of carbonattes » chlorideg and sulphates . 
These compounds become a problem in feed^^ater in the form of scale. IJard wat,er 
must be treated before use as feedwater* , ' 

Soft Water . ; . 

Soft water is rain water that move^d through insoluble rocks. The water failed 
to pick up calcium and magnesium. Soft water may contain angpended matter such 
as leaves, silti and clay particles that were picked up on its trip thrt)qgh the 
rocks. Soft water must be treated in settling tanks to remove the suspeni^d 
matter, v , ' * 



Est^uafime Water 



Estuarine water comes from estuaries^of the sea« It is diluted sea water. The 

closer it is located to the sea, the heavier the chemical concentration will be4 

Estuarine water reqtiires careful treatment to be made suitaJ\l6 for boiler 

feedwater. I 
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EQUIPMENT FOR TREATING WATER 



\ 



Equipment for Clarification 

Suspended matter must be removed from Teedwater by a process called 
clarification. . This mean^ that the process makes tshe water clear by*- removing 
suspended matter. / The equipment uses mechanical treatments to remove piW tides 
from the water. The common pieces pf equipment for clarification are: ^ 

• ■ . .■ ■ . 

1. Screens and strainers for removing large particles of su^ended 
matter. ^ . \f 

2. Settling basins which allows suspended particles to settle to the bottom 
and be drawn off , ^ ' 



3. 



Coagulants are sometimes needed to increase the .particle . size of 
suspended solids. The particles will then sett^ fto the . bottom to be 
drawn off. This is a mechanical (settling) proce^ evert though a chemical 
coagulant was used tb promote settling of the particles. 

Filters consist of a bed of porous material through which water can pass 
by either gravity flow or under pressure. The porous material is often 
sand or anthracite. A pressure filter is shown below. 



i 
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Equipment ftor Softening 



\ Removal calcium and- magnesium salts from watef is, often accomplished through 
soften ing proqessess, ^The common softening processes are;^ 

" . ■ ^ •'■ " ■ . \ ' ^' 

1, Cold lime-$oda ; ^ 

2. « Hot line-soda 

3>/ Sodfum zeolite ' ; 

A. Hydrogen zeolita' 
5« Demineralizion 

The equipment for cold lime-sodd softening requires an agitator to mix , the 
^chemicals and a coagalant. The softener combines with scale to form 9 isludge, 
which can be discharged. The coagulant aids in sludge formation. 



1 
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• AGITATOR ORIVK 




Cold Lime-Sod^Softener ^ 
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Hot liine*soda . requires/thdt the water be heated above 100 C , This^;;auses a 
quick chemical reaction between the softener* and solids in the water. A hbt 
lime-soda softener is pictured below. 



CONTROL VflVE 



Vent Condenting 
Stction 




RAw-'WATER 
INLET 



TiMERl 
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VENT 
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OVERfLOW : 



WASH WATER 
FROM FILTERS 



TREATtO -WATER 
OUTLET 



WASH WATER 
TO FILTERS 



.■ r 



Hot Lime-Soda Softener 




FILTERS 



.4 



•The; sodiuk^ze^^ ions with scale forming solids. Th6 scale 

forming salts are replaced with sodium cations that do nbt form scale. Some 
common-. zeolites are' synthetic gel, sulfonated coal and styrene resin. After the 
zeolite has collected a load of calcium and magnesium cations from the solids, 
the zeolite container is filled witl^ brine. . The brine removes the load of 
calcium and'magnesi\im ions from the zeolite., The brine can then be flushed out 
and the zeolite reused. . A aeolite softener is shown in detail on the next page* 
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MYinOMATtC SINOU (JONTUCH VAIVI 
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Zeolite Softener Details 
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Mm 



Information 





CXXXMOOOOOOO 



usea instead ot sodium zeolites. A problem of 
result from the use of sodium^ zeolites. Sodium 
y-product«i, of sodium \zeolite softening . This by- 
embrittlement . Hydrogen zedlites will' remove the scale 
salts without forming the by-products that cause embrittlement. A 
hydrogen 2:eplite is made from lignite, sulphonated 1:oal or synthetic^ resin. A 
method of ^ carbon dioxide removal must be used with this type of softener. The 
hydrogen zeolite is often used in parallel with the sodium zeolite unit and a 
degasifier. « 



nyarogen zeoTites are o 
caustic embrittlement ca 
hydroxide was one of the 
product can cause 
forming 



PAW WATER 



HYDROGEN CYCLE 
UNIT 




SODIUM CYCLE 
UfiJiT 










(HYDROGEN 
iEXCHANGER) * 


s 


(SODIUM 
EXCHANGER) 



DILUTE HiS04 
SOUUTION FOR 
HYDROGEN CYCLE UNIT 
REGENERATION 
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(CO ) 
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Hydrogen and Sodium Zeolite 
Units In ParaUel 



LIQUID LEVEL CONTROL 
ACTIVATES BUOWER 
AND VALVE 
I STORAGE FOR 

TREATED WATER 



TRANSFER 
PUMP 



Pfemineralization us^s the principles of anion and cation exchange to remove all 
salts from the water, A hydrogen zeolite catipn exchanger removes ^sodium, 
magnesium and calcium* The anion exchanger removes sulphide, chloride and 
silicia anions, A degasif ier removes the carbon dioxide from the water. 

. ■ .10 • . 
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Raw Water 



Acid ^\ 
Re gene rant . 




Caustic Soda 
Regenerant 



To Service 



Demlneralizing Arrangement 



ulplnent for yhermal Treatments 

Heat can be used to treat feedwater. The most economical use of heat is to 
remove dissolved gases from the feedwater. Thermal treatment involves the use 



1 . Deaerators 

2. Feedwater heaters 

3. Evaporators 



Dearators are of a spray type or a tray type. Basically, the deaerator heats 
the water to boiling and removes the gases through a scrubbing process. A 
combination sprayljand tray type deaerator is shown. 
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infernaf vent 
condenser 



IT- ^-Frf* -IT 



- — Manhole 
flange - 



Heating and 
deaerahng trays 



Oeaerated-water 
storage 
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Combination Spray 
^nd ^ 
Tray Deaerator 
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Inforniation 



A spt/ay deaerator is pictured below. 
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Feedwater heaters are used to soften, deaerate and filter water. 
serve the purpose of heating the feedwater. Bicarbonates are broken into c^ic^'on 
dioxide which *has the effect of softening the water. Feedwater heaters may be 
open or elapsed types . Open feedwater heaters operate at atntospheric pressure 
and below boiling point* A closed heater allows water to, IJe heated to high 
tenjperatures. The open heater is shown below. 



0 



Wat«r \n\mt 



Float Viilv« 



9f 



> 



Overflow 



V«nt 



ri Ti ^1 " T*^ 



Trmym 



*OII Separator 



To Faad Pump 




Watar 



Coka Filtar 



Opea Feedwater H«ater 




Staam Inlat 



Oil Float Valva 



^Orfiln to Waata 



A closed feedwater Is built into the system as shown. 
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Evaporators are used to distill water for a system* The evaporator removes all 
solTds. '^'A deaer^tbr should be used in tandem with an evapora]tor to remove the 
soluble gases. Evaporators are made in three types; * 

1. Shell andytube 

2. Flash ^ ^ 

3. DeD[iineral:|.2ers 

' ' ' ■ i , ■ • 

The figure below 4hows a shell and tube type evaporator* 
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Assignment 





^ Read pages 7 - 33 in supplementary reference. 

* Complete the job sheet. 

^ Complete self-assessment , and check answers. i 

^ C6m^l§te post-asse&sment and ask .the instructor to check your answers. 
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Job Sheet 





ANALYZE WATER TREATMENT EQUIPMENT AX YOUR JOB SITE OR OTHER VISITATION SITE 

* Obtain manufacturer's specifications and instructions for water treatment 
equipment at a specific site, 

^ What type of equipment is used for: * < , 

- Clarification? 

- Softening? * 

- Thermal treatment? 



* What kind of water is used for feedwater? 

- Rain water 

- Hard water 

- Soft water 
, - Estuarine water 

* Is the equipment appropriate to the needs? 

. — What are the water problems? 

- How well are problems control^led? 

* Visually inspect water treatment equipment for better understanding of its 
components. f 
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^Self 

Assessment 




Match the following terms with appropriate 
1. Settling basin 

2. Cold lime-soda 



3. Hard watey 

4. Sodium zeolite 

5. Soft water 

6. Rain water 

7. Coagulant 

8. Clarification 



9. Filter 

10. Estuarine water 




ses* 



Used to increase the size of 
particles of suspended^ matter. 

Softener that exchanges ions, 
.with scale forming solids.* 

C. Is actually diluted seav^pter. 



D. Process for removal of suspended 
matter from feedwater. * 

j;. Cont;ains scale forming 
carbonates chlorides and 
sulphates. 

F. Porous bed of •anthracite or 
sand . 

* 

G. Must be treated to remove oxygen 
and carbon dioxide. 

H. May contain suspended matter 
but is low in solids. 

I. Allows suspended particles to. 
be drawn ojf at the bottom. 

J. Softener that combines with 
scale to form a sludge. 
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Self Assessment 
Answers 






1. 



J 2. 

E 3. 

B A, 

H 



4- 



7. 



D 



8. 



9. 



10. 
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jyiat^ch the following terms ami descriptive phrases 

. 1. Hot lime-so^ softener 
I ■ 



2. Sodium zeolites 



A, Removes carbon dioxide from 
water. » 



B/ A common so9|ium zeolite. 



3. Hydrogen zeolite 



A. Degasifier 



C. Very quick reaction between 
softener and solids. 

D. A common hydrog<en zeolite. 



5. Demineralization 



'E. Can cause ^mbrittlement . 



6. Deaerator 



^ 7. Styrene resin 



8. Lignite 

*> 

9. Evaporator 



F. Used to avoid embrittlement 
problems • 

G. May be shell or tube or flash 
types: 

H. May be of *9pray or tray 
types. ^ ^ 

I. May be of open or closed types. 



10. Feedwater heater 



J. Remove? all salts from water 
and uses both anion and cation 
exchange principles. 
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* Correspondence Course. Lecture 12, S^ion 3, Third Class. Steam 
Generation. Southern Alherta Institute of^^hnology.' Calgary, Alt)erta, 
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SOUTHERN ALBERTA INSTITUTE OF TECHNOLOGY 
CALGARY, ALBERTA 

Correspondence Courses 
o Power Engineering 



SECTION 3 



Third Class 
Lecture 12 



STEAM GENERATION 

- - WATER TREATMENT ' 

THE NEED FOR WATER TREATMI^T , 

If water were W^oLnd nothing else, or iY all. waters carried the same 
impu<Mties. the treatment ofwater would be simple and uniform methods could be 
used. However, pure water never occurs in nature and impurities vary consider- 
ably. The lusest njdtural approaeh^to "pure - water is rain, hut even rain contains 
■ dissolved oxygen ;uid carbon dioxide which has been picked ui) lr.,m the air. Im- • 
purities in natural w*aters depend largely on the- source. Wells and springs are 
classed as ground waters; rivers and lakes as surface waters 

Ground wyrtrer picks up impurities as it seeps through rock and soil, dis- 
solving some part of ajmost everything it contacts and therefore groundwater usu- 
ally contains a considerable amount of dissolved solids. The natural filtering 
effect of rock and sand usually keep groundwater free and clear of suspended mat- 
ter. Surface waters often contain suspended matter such'as leafmold, sand, silt 
sewage and industrial waste. The amount ancMocation ol rainfall may rapidly 
change flic amount ancl type of suspended matter. In addition, surface waters often 
contain various a-tyfounts of dissolved solids as well. 



Water ^v<}lioh contains large ftnWwts of dissol^soHds is termed to be 
" hard water while water which contains smffcll amounts of dissolved solids is 
termed to be " soft water ". * 

• » ■ 

If water, which contains impurities, is boiled a*nd changed into steam 
impurities are left behindhand will form sluxige or scale unless they are removed 
bc-fore or during boiling. The more impuri\^es there are In the waterand the more 
water is boiled, the more impiirities are left behind to form sludge and scale 
Pressure plays another impo^rt ant role. As boiler pressures get higher boiler 
water temperatures increase ( st'e steam tables ) . Highei- temperatures' produce 
faster chemical reaction rates so that scale is formed more rapidly and this scale 
will bakte on the metalsurfaces more quickly. Not only does this scale cause loss 
of efficiency, as it jm|||lts heat badly, but it can also be exceedingly dangerous 



.1 • . * 



•7r 



• . . • , <• • 

If It Is neglected. With scale, the tubes and plates beconwi cut off from contact 
wlth the water-rh the boiler and the surfaces, no longer cooled by the water, arc 
overheated and the strength of the metal is diminished. In the history of steam 
engineering, numerous Instances occur of boilers having failed, more or less 
violently, from this cause? Sooner or later, tubes and plates tvlll be overheated 
ab that they no longer withstand the pressure of the steam or the water contained 
-by them. Then a disastrous explosion nmy occur. 

Mud Is another form of deposit which sometimes can be nearly as trouble- 
some as scale. Certain chemicals Introduced into the boiler to prevent scale will 
offer an unwelcome compensation by producing mud,or sludge instead. Where the 
circulation Inside the boiler Is imperfect, this mud accumulates in the njore 
sluggish parts; producing •slm'^lar problems as scale and causing circulation to 
some tubes to cease altogether. In order to prevent the formation o'f mud or sludge, 
adequate blowdown must always form part of a program which introduces chemicals . 

Into the boiler to prevent scale. 
* 

** In addition to causing dei>osits; impurities in the feedwater may also cause 
corrosion, earryover or caustic embrittlement. . • 
* . ' 

Corrosion is the rusting or eating away of metal generally caused by dis- . 
solved oxygen. or carbon dioxide In the water or a low pH or a eohibination of all 
thr(tc. Corrosion is one of the most undesirable features in boiler plant operation . 
because it attacks the boiler metal and its harmful effects cannot be repaired with- 
out complete rcnew:^. ^eale can be removed and carryover stopped, but eprrosion 
damage that has occurred cannot be repaired. . . 

cirryover is a term applied to entrained moisture and associated solids 
passing ^^m a boiler with the steam. Aside from erratic superheat and mechani- 
cal troubles with engines and turbines caused l)y slugs of moisture, carryover 
deposits solids in superheaters ajul on turbine blades. High eoneentration of dis- 
solved solids in the boiler feedwater greatly increases thc'tendency for carryover. 

Caustic eml)rittlement is a form of metal cracking which can cause a 
■ seiious.l)()iler failure. - The term "caustic eml,rittIemcMU "derives its origin from 
the la(^t that failure occurs in the presence of a highly eoneenf rated eaustie solution 
and the metal itself f^ils in a sudden or brittle manner with no apparent deformation 
of the metal prior ty a^ftial failure. To produce eaustie embrittlement in l)oiIer 
metal, three factors are required: 

I ) a leak and subBcquent eoneentration o|>Jjoilcr water 
at the point of leakage, 
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\ ) a high pH which causes concentrated caustic solution 
at the leak to attack the metal, \ 

3 ) a high metal stress in the area of concentration and 
attack. ^ ^ 

The most common areas of embrittlement attack arc in rivets and riveted 
joints in older boilers, tube connections to drums or headers where the tubes have 
been rolled and stressed and In tube sheets between closely spaced tubes where 
Jthe tube sheets are heavily stressed. Alternate expansion and contraction of the 
metal as a result of temperature changes In the boiler can provide small crevices 
through which boiler water can escape and cause the high caustic concentrations 
imd embrittlement. The power plant engineer has little control over tlje factors 
of leakage and stress, The factor which can best be controUetf is the ftM. If the 
pll is low en<)ugh the water becomes non-embrittling and leakage or stress will 
not cause embrittlement. At the same time, however, the pH must be high enough 
to prevent Corrosion and scale formation. The exact control of boiler water pll is 
therefore extremely important. . 

Briefly stated, the need and extent hi water treatment depends 6n three 
main factors: 



1 ) the concentration and type of impurities present Iq the 
feedwater. 



2 ) the rate or output of the boiler; the need increasing y/ith 

higher boiler outputs, 

3 ) the pressure and consequently temperature^ at which the 

boiler operates; the need for purer water increasing with 
•hijther boiler pressures, 

'ftue table following gives an indication of the maximum limits for solids 
allowed in boiler water. The feedwater total solids Is an .approximate indication 
as it depends on many other factors such^as percent makc-up, type of sblids, 
boiler output, etc. ^ 
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Operating Pressure ( kPa ) 


Boiler Water 

Total Solids ( ppm ) 

^ 


Feed water 
Total Solids ( pp^u ) 


,0-2000 

2000-3000 ^ 

3000-4000 

4000-5000 

5000-6000 

6000-7000 

7060-10000 
10000-14000 
14000 and higher ^ 


3500 
'3000 
2500 
2000 
. 1500^ . 
1250 
• 1000 
750 
500 


100 
30 
20 

10 . .. ■ 
5 

4^-**-<b9^ 

3 
2 



Table 1 
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chemical Formulae 



As explained In Lecture 5, Section 2, '* Combustion certain symbols are 
used to denote both elements and compounds. For exahiple, water Is denoted by 
the symbol W^^^^ carbon dioxide^by the symbol C02, sulphur by the symbol S, 
and 80 on. T4iese symbols are actually the ehemical formulae for these various 
sukstances and indicate what each substance is made up of. In the majority ol the 
methods used for treating feedwater, the nnpuritles are removed by means ol 
chemical reactions. In order to understand how these reactions take place, the 
chemical formulae for both the Impurities and the treatment materials must be ' 
known. The following list gives the chemical formulae for the more common ^'um- 
pounds associated with water treatment. . • 



^ Compound 


Formula 


Aluminum sulphate 


Al^(S()4)3. 


^Aluminum hydroxide * 


Ai{OH):j 


Ammonium hydroxide 


NH4OH 


Calcium bicarbonate 


Ca(HCC)g)2 


Calcium carbonate 


CaCOy 


Calcium chloride 


CaCl2 


Calcium hydroxide ( hydratdd lime ) 


.Ca(0H)2 


Calcium sulphate 


CaS04 


-42-4) 
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jxidc 

Caritaunlxj 

Ilydra/inc 
Hydrochloric acid 
Hydrogen /coHtc y 
Magnesium bicarbonate 
MagnOvSium carbonate 
Magnesium chloride 
Maj^esium hydroxide 
Magnesium sulphate 
Nitric acid ^ 
Silicic afcid 
Sodium aluminate 
Sodium bicarbonate 
Sodium carbonate ( sod^ish ) 
wSodiuni chloride \ 
Sodium hydroxide ( caustic soda ) 
S6dium nitrate 
Metaso(Hum phosphate 
Monosodium phosphate 
l)i sodium' phosphate 
rrisodium i)hosphate 
wSodium sulphate 
Sodium sulphite 

Sodium zeolite ^ /^^'^ 

Sulphuric acid 



) 



H2CO3 

II 2'/ 

MgCOy 

Mti:(()102 
MgSO^ 
IINO3 * 

Na2Al2()4 

NallCOy 

Na2C:()3 

Nn CI 

NaOll 

NaNO;{ 

NaPO^ 

NaH2P04 

Na2HP(),j 

Na3p()^ 

Na2S04 

Na2S03 

Na2'/ 

H2SO4 



Ac^i^^s, Hasc^' and Saltj j^ 

Throe typos of chomical compounds* which arc of great importance in ?o- 
gani to water treatment are acids, bases and salts . When these are in solution 
they disassociate into particles which have a definite electrical charge and Which 
arc known as ions. 



Acids produce an excess of hydrogerfTons having a positive electrical 
charge and whicl^are denoted hy 11*. It is this cxce«s of n' ions which' g^es the 
solution its acidity. Examples of acids are hydrochloric acid HCl, nitric acid 
HNj[)3f*'and sulphuric acid 112^04, 




ft 

Bases, also called alkalies, produce an excess of hydfoxyl ions having) a^ 
negative electrical chaise and which are denoted by Oil'*. It is this excess of Oil'' 
ions which gives the solution its alkalinity. Kxaniples of bases. are calcium hydr-, 
oxltk* Ca(01I)2» ^aniinonium hydroxide NlbiOll, ,an(l sodium hydroxide' NaOll, 

When an acid is jieutralizcKl by a bas(^ the resultS^thc formation of a 
salt.^ Kor exatnple, the suit sodium sulpliate Na^SO.j is formed when sulphuric 
<ici(l II^^SO.j is neutrali/.ed by the base sodium hydroxide NaOll, In equatiori form 
the reaction iS: 

other examples of salts are so(hum chloride NaCl, calcium sulphate 

CaSO , nui{>;nesium carbonate MgCO , etc. 
•I 

When a salt is in solution it will (Hsassoeiate into [)ositively and net;a- 
tiv('l\ .•harmed ions. The positive ions are called cations and the net>atively charged 
ions a rr t ailed anions. 

rhus the salt i^i^^^'^^^j ^^''^^ (Usassociate into Na cations and SO^ anions. 
pi I Values ' ' ' V 

In orck^r to indicate whether a solution is acid or alkaline, a scale of 
!Uiml)ers from 0 to 11 is uscmI. These numl)ers simply indicate the concentration 
ot the iT ions and the OH" ions in the solution. If the concentration of theMI* ions 
is e(|u:il to tht^ (M)neent ration ol tlu^ Oir ions then the solution is neutral ( neither 
aci(hr or alkaline ) and the pll value is 7. 11 the concentration ot H * ioni» is {greater 
than that of the OlT ions then the solution is acidic and has a pll value of below 7, 
II the concentration of iT ions is leas than that of the OlT ions then the solution is 
alkaliiu* and has^i pll value ot ^;reater than 7, ^ 

'V\\v more aeidie the solution is the sitiallcM' will be the pll value. For 
(\\ampl(\ a pll ol J) will nuNin the solution is 10 times as aeidie as a solution hav- 
\\\\\ a pll o\ (i. A solution having a pll ot 1 will be 100 times as acidic as the pll (5 
solution, 

Sinnlarly, the more alkaline the solution is the greater will be the pll 
value. A pll vahuv^ot 9 indicates 10 times th(* alkalinity of pll H. A pll value of 
10 indicates 100 times the alkalinity of pll H and so ,on. 



Table 2 below lists the scale of pH values. 



Solution 


pH Value 


Most acidic. % . { . , \ 




• 


. 1 




.2 


Acidity decreases with ; 


3 


increasing pll 


4 


Least acidic 


5 

. . . . .". .... 6 


Neutral ; 




Least alkaline, . . . 


8 




9 






Alkalinity increases witho 


11 


Inereasing pll i 


12 




13 


. Most alkaline . * 


14 



pll Scale 
Table 2 



KX' KltNAL WATKH TUKATMEr^T 



' Kxternal watqr t real !nont\ refers to the treating ol the water^ before it 
(Miters the boiler. It may also be called 'Meecjwater treatment *'as it is treatment 
ol U'at(»r whi(*h feeds the boiler. If durinf; the treatmnnt the hardness of the water 
is reduced, it may be referred to as "water softening". 

; .• ■ ■ ,: 

^ The chart on Page 8 shows a brenkdown'-of the more common methods of 
(^xlbrnnl \val(*r treatnuMit. (leiu^rally 'mechanienl methods are used to take sns-- 
peiidetl matter out of the water or cla r^jfy the Vatt^r, chemical methods ar« used 
.fo softpn the water and thernud method'^:? are used to take oxygen and other gases 
out] of the water. In some caseb onc/piece of equipment may combine two or more 
nuftluKis while in other cases one method may elarifyf soften and degasify the 
water in one operation. . . / ^ * / 
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EXTKHNAL WATEH THKATMKNT CHART 

^ _ . • ■■ ■# 


r Method 


Equipment 


Kffluent 
Purity Level 
Purpose ( ppm as CaCO, ) 


Mechanical 


Screens and Strainers 
Settling Baslri« 
Coagulators 
Filters 


Clarify 
Clarify 
Clarify 
Clarify 




< 

C^heniical 


Cold Lime Soda 
Hot I.iuie Soda ^ 
Sodium '/eoUte 
Hydrogen Zeolite , ' 
Uemineralizer 


Soften 
Soften and Degasify 
-gotten . ^ 
vSimen 
Soften 


50 
1^5-30 
\~2 
0.1-1 
0-0. 1 


■ 

•n 


Dea orator 

Open Foedwater 
V Heater 

ClosejJ Keedwater 
HeatciT 

I'.vaporators 
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Mechatiieal Methods ' 

Insoluble inipuriKics , entcrinj^ a boiler with the feodvyater^ tend to stick (o 
hot boiler tu/bes like dust on flypaper, l^racfieally all surface waters ( rivers, 
lakes, ponds, etc. ) contain some amount of mud, silt, clay, decayed vegetation, 
micro-orgarusnifs, sewage and industrial wastes. Those insolul)les must be re-' 
moved to, prevent fouling of feedwater softeners or to prevent deposits in the boiler. 



( PKM-;!-12-H ) 



n 



lb- 



Tho insolubles suspended in nj/tural' water. luive a wide range ol particle 
si/.ea. They may vary fron^i relatively large sand partieles to particles whidr 
can't be seen ( individually ) with the naked eye. The larger partieles are ca'Ued 
sediment. They tend to settle out or can' be filtered out. Colloidal particles, 
however, will stayfsuspended indefinitely and are small enough to pass through the 
pores o! conventional filters. Colleotiver>^he suspended particles are termed 
turbidity. Clarification for removing tu rbidity from water may involve the use of 
screens, settling, ehemieal eoagiilation and filtration. If the suspended solid-tf-nre 
snuill ( colloidal ) chemical coagulation is needed for effective clarification. 

1) Screens and Strainers 

' ' — ' r~.' 

' iji ' ' 

The purpose of screens and strainers is prevent the large ' 
or free floating particles from entering and damaging or clogging 
tiic feedwater supply eciuipinent. They may simply consist of log 
bootiis to keep free floating debris away or they may consist ot 
nu-tal screens or strainers of various shapes iind coarseness 
.It signed to eliminate these particles, 

^ ) Settling l^asins 

Settling ( also called subsidence ) nuiy be accomplished by 
using a simple tank which is filled with the turbid water and allowed 
to stand. After the sediment has settled, the clarified water is 
drawn off the top and the settled solids removed from the l)ottt)ni, 
'I'he tank is then ready; for another cycle. I his is the intermittent 
type of settling basin. I Continuous methocLs of subsidence are more 
trcciuently used, 'I'his'is accomplislied bypassing water througli a 
basin or tank of such design that the velocity of the water is reduced 
to a point sufficiently Tow to permit subsirlenee. Clarified water is 
drawn'from tlie tank continuously from an overflow, the settled solids 
ri-maining in the bottom of the tank from where they may "be removed 
continuously by mechanically operated rakes or scrapers or period- .. 
ically by flushing with high pressure jets. 

Waters containing\turb+tbty due to relatively large pailicles 
or high density solids may, be clArified to a substantial degree by 
settling. It is an economical mc/thod of obtaining clarification 
where it is applicable and in s>i<«h cases it is often employed prior 
to coagulation, f ' * 
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After a filter has been in service for a period of time, P 
the filter bed will become plugged with suspended matter re- 
moved from the water. When this occurs the filter must be 
backwashed> Backwashing consists of reversing the direction 
of flow through the filter thus freeing the trapped material 
from the bed and washing it to waste. ^ ' 

Gravity Filters ^ 

Fig. 2 illustrates a gravjty filter which uses a bed of sand supported on a 
bed of gravel. 




Gravity Filter 

rhis unit leatures a rQctant;ular reinlorccd concrete const ructioii lor (he 
filter shell although in some designs the shell ia of wood or steel and may be cir- 
cular in shape. The bed of sand is usually 0,4 ni to O.H m in depth and the gravel 
bed between 0,3 and-0.6 n), 

« 

The water enters at the top and flows downwardly through the fiJter bed to 
the outlet at the bottom. When backwashing is necessary, the How is reversed 
with tht^ backwash water entering at the bottom and being discharged at the top to 
waste. , 

The filter shown in Fig. 3 is designed to automatically backwash itself 
when the filter bed becomes sufficiently plugged with dirt. 

In this unit the inlet water normally passes downwardly through the filter 
bed and up the outlet pipe. As impurities accumulate in the filter bed, the level of 
water in the backwash pipe rises until it finally flows over the loop at the top. The 
backwash pipdthcn begins to siphon the water from the space above the bed. This 

\ 
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causes the backwash storage water to flow from the storage space through a pipe 
to the underside of the bed.* It then passes upwardly through the bed to waste thus 
backwashing the bed. When the storage water Idvel drops below the end of the 
siphon breaker pipe, the backwashing will stop and normal flow through the Alter 
bed-will resume, first filling the backwash storai^e space and then passing through 
the outlet to service. The filling ot the backwash stprage space provides a rinsing 
period before the filter returns to service. 

4^ 
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2. BACKWASHING 



Automatic Backwashing Gravity Filter 



I'ressure Filters 



A pressure filter is illustrated i^ Fig. 4. The shell is of steel and con- 
tains a bed of anthracite which is supported on a strainer plate. The water to be 
filtered Is pumped urtder pressure through the filter, entering at the top afid pass- 
ing down through the filter bed and through stainless steel strainers to the outlet 
at the bottom. 
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Pressure gages»^not shown In the figure, are Installed on the inlet and 
outlet lines and when the pressure difference between them reaches a certain value 
usually from 35 to 55 kPa. It means that backwashing is required. 

During the backwashing period, a rotary surface washer may be used to 
loosen material from the surface of the bed. The water leaves the no/.zles of the 
rotary washer at high velocity which causes the washer arm to revolve. 

•• Frequently, filters are used in conjunction with settling tanks and coagu- 
lation. The sequence Is to coagulate and settle the impurities in a settling tank and 
then pass the water thrdugh filters for final clarification. 
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Pressure Filter 



II lilters are used alone then a coagulant is usually fed to the filter in 
order that the finer impurities are formed into larger particles that can be trapped 
l)V fhf filter bed. . 
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Chemical Methods* 
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In the chemical riiethods of water treatment chemicals are used In one way' 
or ahothe^ to. react with the dissolved solids of the water. This reaction will sof- 
ten the water by changing the dissolved solids to a highly soluble dissolved solid 
which does not easily form scale, or by making the dissolved solids insoluble so 
that they come out of solution and separate fro'n:\ the water in the sd^terjer, or by 
exchanging the dissolved solids in an Ion exchange process which leaves the dis- 
solved solids behind in the exchanger. . * • ^ 

1. Cold Lime-Soda Softening 

In the cold process of lime-soda softening t|ie raw water at room temper- 
atur^ the softening chemicals ( calcium hydroxide and sodium carbonate ) and a 
coagulant are mixed togetherMn a central mixing zone by means of motor driven 
agitators. As the insoluble compounds, CaC(J.^ and Mg(OH)2, are produced by 
the Kott(^ning chemicals reacting with tJie scale' forming materials namely 
Ca(llC03)2, Mg(HC03)2,«CaS04, MgS04, ^-^^h' and MgCU, u sludgc is' formed 
which can be discharged from the bottom' of the softener. ThO .coagulant, aids in 
tho-formation of this sludge. A part of the sludge, however, is kept in suspension- 
by the action of .the agitators and the flow of the water, and 'this forms a sludge 
blanket through which the water passes on its way to the outlet. The .sludge blan- 
ket aids, in the removal of any impurities not already p^e.cipitated from the water. 
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2i Hot Liu\e-SoUa Softening 

In this type of softener exhaust steam is usually used to heat the ineoniint; 
water to temperatures above lOO" Celsius. Chemical reaetions in the hot lime- 
s()(hi. unit are the same as for the cokl proeess except thijt they are almost instan- 
taneous and prwduee softer water.. The hot process lime-sodji^ofterier can l)e used 
to conil/ine in one complete unit Jhe functions of spftening by reducing harchiess to ' 
10 - 'M) ppm, silica removal, deaeration and filtration. The hot procesVi is most 
suitable to the softening of high hardness supplies. 

' ■ ' . 

Control of Unic-soda softening is soniewliat more ciiffieult than the control 
of ion exchaAt;e softening; and Irequent^teiptinti; and control adjustments are {generally 
re(|uir^*d. » 
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Fig. (i shows the arrangement of a hot process softener used in conjunc- 
tion with pressure filters whieli are usually necessary to fiher out any carryover 
of sludge. particles froin the softener. The process is continuous and carried' out 
in a single tan!;. A chemical tank and pump with arrangement for i)roportioning the 
chemicals to tlie raw water flow, a slucjge recirculating punr^p and a filter backVash 
pump complete the essential equipment. Haw water enters the top through a series 
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of sprays, the amount being controlled by the level In the softener. Chemicals 
enOer at the same point and are thoroughly mixed by the sprays. Entering steam . 
heats and deaerates the Incoming water. Temperature of the process is governed 
by steam pressure maintained Inside the tank. Chemical reactions form calcium 
carbonate and piagneslum hydroxide almost instantaneously. These compounds • 
come out of solution and form a sludge. About one hour retention time is normal, 
the water flowing downward and under the weir where the sludge is precipitated to 
the cone chamber below. From the inverted weir an uptake carries softened water 
* to the outlet and to the pressure filters. Periodically some of the sludge is dis- 
charged to waste while some of the sludge is continually recirculated which helps 
to rfiduce the amoi^t of chemicals needed in the treatment. The filters arc ar- 
ranged to be backwashed with water. from the softener and this water is returned 
to^thc softener after backwashing. 

3. Sodium Zeolite Softening ( So<lium Cation Exchange ) 

When certaiii compounds art* dissolved in water they disassociate to form 
positively and negatively charged particles known as ions. The ions Vy'hich have a 
jiositive charg^-sar>-eiilled cations while those having a negative charge are called 



For example, if water contains the scale forming salt calcium sulphate 
CaS04 then it will be in the form of calcium ( Ca ) cations and sulphate ( SO^ ) 
anions. If the Ca cations could be exchanged for sodium ( Na ). cations then the 
salt wfeuld now be sodiunW^sUlphatc Na2SO,j and as this salt is extremely soluble it 
would not produce scale in a, boiler. The same would hold true if the cations of 
the other scale producing salts could be t^xchanged for sodium cations. If, ati an- 
other example, the water also contains the scale forming salt magnesium bicar- 
bonate Mg(HC03)2, then this salt will l)e in the fornvof magnesium ( Mg ) cations 
and bicarbonate (HCO^)^ anions. If the Mg cations are exchanged for Na cations 
then the salt will now be sodium bicarbonate NaUCC);^ and as this salt is extremely 
soluble, as are most of the sodium compounds, it will not produce scale in a 
boiler, 

^rhe aodium zeolite softener uses the principle of ion exchange to remoye 
scale forming salts from the water and to replace them with non-scale forming 
. salts. The softener contains a granular material called zeolite which has the 
' ability, when water Is passed through It, to remove the calcium and magnesium 
cations from the water and to replace them with sodium cations. The Ca and Mg 
cations are held by the zeolite' material which has given up Na cations In exchange 
^ for them; 
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^ When the zeolite material has glvefi up all its Na cations m»fexchange for 

the Ca and Mg cations, it has to be regenerated before it can resume the softening 
process. The regeneration is done by removing the zeolite softener from service 
and filling it with a solutldn of brine ( sodium chloride NaCl ). The zeolite then 
absorbs the Na cations from the brine and discards the Ca and Mg cations to the 
brine. The brine now. containing the Ca and Mg cations is then flushed to sewer 
and thel/.eolito bed is rinsed out with water. The softent>r is then returned to 
service 'until regeneration is agatn necessary. 

ft ■• 

The zeolite may be made up of any pne of several materials. Examples 
of zeolites are natural greensand, synthetic gel, sulfonated coal and styrene resin. 
It is usually given the chemical formula Na2Z. ' 
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Vlw Hketolv in Fin. ^ shows the arranf^cMucnt ol the /.colltc soltonor to- 
nether with ;i reneneranl or brine tank. The zeolite ox^exehange material is sup- 
|)oi:te(l on a l^ed ol gravel or ant'hraeile and is contain(»\in a steel pressure tank. 
The raw water alter passing through a lueter llow:^into the top o| the solfener tank 
and travels downward through the bed of /.eolite and leaves the soitener at the ^^"41 
l)()ttonu .1 V , 
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When the zeolite becomes exhausted, ^he softener Is taken out of service 
and backwashed by.^mai^lpulatlng the valves so that raw water enters at the bottom 
and flows upwardly through the bed to the wash water collector and then to waste. 
The backwashlng serves to separate and clean the bed and when it is completed the 
zeolite, Is regenerated by passing a salt solution or brine into it. This Is done by 
admitting raw water to an ejector or eductor. The water flowing through the educ- 
tor produces a vacuum which draws the brine up from the regenerant tank and the 
brine is then forced into the softener just above the surface of the bed. 

After the correct amount of brine has been supplied, the softener is then 
rinsed by admitting raw water to the top of the softener. This water passes down 
through the bed rinsing it free of brine and flowing through the drain to waste. 
After the bed has been completely rinsed of brine, the softener is returned to ser- 
vice once more. ' 

Fig. 8 shows in more detail the piping connections for a zeolite softener. 
, Hathcr than using several valves to change flow direcetions du ring- backwash, rinse 
and regeneration, this type has a master valve which connects together the neces- 
sary piping for the various operations when the valve lever is moved to the desired 
position. 

4. Hydrogen Zeolite Softe/tlng ( Hydrogen Cation Exchange ) 

In thh sodium eation exchange softener, explained in the previous section, 
the salts of calcium and magnesium were replaced with salts of sodliim. While 
this method does get rid of thq scale-forming calcium and magnesium, it docs not 
reduce the total amount of salts dissolved in the water as the sodium salts take the 
place of the calcium and magnesium salts. One of these sodium salts, sodium bi- 
Ciirbonate, Will decompose in 'the boiler into sodium carbonate, sodium hydroxide 
and carbon dioxide." The sodium hydroxide may cjiuse embrittlement of the boiler 
metal and the carbon dioxide will be carricrd over with the steam and form carbonic 
acid in the return lines which results in corrosion. Sodium bicarbonate will also 
tend to cause the water in the boiler to foam. 

If instead of a sodium /eolite softener, a hydrogen zeolite softener is used 
then the scale forming salts will be removed without the formation of sodium bi- 
carbonate. Hydrogen zwlite has the ability to remove calcium, magnesium mui 
.sodium cations from the mineral salts and replace them with hydrogen ions. As a 
result the mineral salts are converted to acids. These acids are subsequently 
neutralized i)y the use of an alkali or base such as caustic soda NaOH, or In some 
cases the ^id-containing water from the hydrogen zeolite softener is mixed with 
the water from a sodium zeolfte softener and this will also result in the neutral- 
ization of the acids. * 

t 
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Regeneration of the hydrogen zeolite la accomplished by the use of an 
acid solution which restores hydrogen Ions to the zeolite atnd removes the. calcium, 
magnesium and sodium cations from the zeolite, 

s ■ * 

The material used In the hydrogen zeolite softener may be llgnlte> aul- 
phonated coal, coke or synthetic resin, 

' • i 
The effluent or discharge from a hydrogen zeolite softener contains var- 
ious acids which would be corrosive to the metaPln the piping and the boiler, 
Thetefore these acids must be either neutralized or removed from the effluent. In 
the case of carbonic aclcUH2C03, It quickly breaks down into water and carbon 
dioxide as illustrated in the following equation. 



Carbonic acid 



Water 



^ (j^irbon Dioxide 



The COg can be removed by passing the watur through a degasifler tower 
in which the water flows down over trays and is scrubbed by upward flowing air 
from a blower, 
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An arrangement Involving the use of a degasifler and a sodium zeolite 
vnlt In conjunction with a hydrogen zeolite softener Is shown In Fig. 9 Before 
entering the degasifler, the effluent from the hydrogen -zeolite unit *ls mixed with 
the efflupnt from a sodium zeolite unit in order to neutralize .the sulphuric and 
hydrochloric acids resulting from the hydrogen ion exchmige. Also if silicic acid 
is present it will also be neutralized, * 



Another arrangement which uses an alkali, such as sodium hydroxide 
NaOH, to neutralize the acid effluent from a hydrogen zeolite unit Is shown in 
Fig. 10. ' 
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The neutrali/.ation of the acid effluent by the sodium hydroxide is sho^wn in 
e(iuation form as f(311ows: 



1. 



Sulphurie Aci'd t Sodium Hydroxide 
♦ 2 NaOli 



vSodium Sulphate • Water 



H,.SO, 
I 4 



Na^SO^ 



Hydrochloric Acid ^ Sodium Hydroxide Sodium Chloride • Water 
HCl 



' NaOH 



Silicic Acid ( Sodium Hydroxide 
♦ 2 NaOH 



NaCl 



Sodium Silicate » Water 



Na^SiOg 
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V The sodium sulphate and sodium chloride contained In the nouti'allxefl * 

water are very soluble and do not tend to produce scale In the boiler. The sodium 
silicate, however, will produce extremely hard scale In the boiler and must be 
gotten rid of by some other method, , 



0 



5. Demirieralization ( Cation and Anldn Excharigc) 

An liidvantage of the hydrogen xeollte process over the sodium zeolite pro- 
cess Is tliat the hydrogen zeolite removed the sodium bicarbonate and thus reduced 
^he dissolved solids content 6f the water. T?he acids In the effluent from the hydro- 
gen zeolite unit, such as sulphuric and hydrochloric, were then neutralized. How- 
ever when these acid^Were neutralized, the anions of these adds, such as SO^ 
and Cl, combined with the sodium from the neutralizing base NaOH and formed 
sodium sulphate and sodium chloride. While these sodium salts dp not tiind to 
form scale, they may cause foaming in the boiler and require excessive blowdown. 
In acidition to this disadvantage, the hydrogen zeolltfe unit will not remove any / 
silica prcscMil in the water, ' 

If it is desired to remove all the mineral salts from the water,, a process 
known as demineralization or deionization Is used. This involves using a hyj.f'ragen 
zeolite cation exchanger to remove the\sodium, magr\esium and calcium cations 
and then using an anion exchange to remove the sulphate, chloride and si^(lca 
anions. In addition, a degasifler Is used to remove any carbon dioxide present. 
The effluent from the demineralizlng process is water that Is free frafh all mineral 
impurities and is equal in quality to distilled water. / 

Thi^ hydrogen zeolite cation exchanger has already jbeen described in the 
previous section. ' 

lb 

The anion exchanger contains a hydroxide resin/material which has the 
ability to remove the anions of the acids^ contained in t)ie effluent from the cation 
exchanger. This anion exchange material is regenerated with sodium hydroxide 
when it becomes exhausted. • / . 

A demineralizlng arrangement *ls s^Knvn in Fig, 11, 

\ 

The ravf water first passes through the cation exchanger where the cations 
of calcium, magnesium and sodium ai^e removed and acids formed. As a result 
the effluent from the cation exchpiger now contains carbonic, sulphuric and hydro- 
chloric acid. In addition, if afiy silica was present in the raw water it will now be 
in the form of ailiclc acid HgSiOg. ' ' 
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Fig. 11 , ■ 

The carbonig acid in the cation exchange. efflvK3nt breaks down into water 
and carbon dioxide and this carbon dioxide is removed as the efDuent passes through 
the degasifler. ' 

I 

The effluent is then pumped to the anion exchanger where the acid miions 
are removed leaving pure demineralized water which then passes to service. 

When the exchang^^rs become exhausted they must be backwashed, regen- 
erated, rinsed and then returned to service. 

The cation exchanger i^egone rated with a solution of sulphuric adld and " 
the anion exchanger is regenepd'ted with a solution of sodium hydroxide. 

When a domino rall/lng system is used it is Important that the raw water 
supplied to the system^has first been filtered to remove any suspended materials ■ 
If this is not done then the suspended materials wlU be trapped in the exchange 
material and will form a coating thus reducing thtj flow of cations and anions 
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A special typo ol' dominoralizing system as sIidwii in Vx^.h'l combines the 
^ cation excluint;e material wihi the anion exchange material in a single shell, 'j^iis 

is called a mixed bed system as the two •exchange materials are mixed together 
, in a single bed. When regeneration Is necessary, the two materials are separated 
l)y backwashioj-. The backwashing causes the lighter anion exchange inaterial to 
rise to the top ol the bed with the heavier cation exchani^i.-. material lorming the 
l)ottom layer. Then each layer is regenerated and rinsed. The two materials are 
then mixed together again by blowing air upwardly through the K^jd, 
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Thermal Methods 



Treating water thermally Is probably one of the oldest methods of external 
water treatment. Heat can soften, but the use of he^t to soften water will normally 
depend on the availability of exhaust steam to be economical. The most common 
purpose of . heat In water treatment Is to ^egaslfy the water thereby reducing cor- ' 
rosion In the boilers?" * . * 

1* Deaerators 

w ■ ' ' ■ , 

< o ... 

The Construction of A deaerator usually Involves four sections; a section 
where the water is heated to the boillng/polnt, a section where t^e released gases 
are scrubbed from the water, a section for the storage of the deaerated water and 
a--^ection for condensing any steam that Is being carried to the yent with the re- 
leased gUvSes. 

Deaerators are classed as spray type or tray typ e. ■ 

'. ' ■ ■ ■■■■ .... ■ ' • I 

In the spray type the entering water passes thr6ugh spray valves and is 
therefore in a finally divided statfc. It Is then heated by coming In contact with 
steam lit the heating section. The water then passes to the scrubber section where 
it is s<}>rubbed by the entering steam and the gasfs released by the heating are re- 
moved. The deaerated water then passes to the storage section and the steam * 
flows fronWthe scrubbing section to the heating sect.lQn..\vheri$ it heats the itrcoming 
water spray and where most of it condenses,- Th^ gases relteakd 'in the scrubbing '• 
section flow to -the vent condensing section \yhere any steam prbsent is eohdensc^^^^^^^ 
and -the "gases a're cooled to some extent;. .. .T'M:|ases.-th«n paS-s'-out 'throUg.h the Vent • ' 

■ ■ • .. ■ ■ ■ • \ /-V'' ■' ; ■' 

In the tray type deaenitor the process i^ much the'same except that the 
water, instead of ptiss^hg through spray nozzles, is broken up by trickling down • : 
oveV a seriji?s of tniys; The entering steam scrubs the water Ih the lower tray, : • 
aeetion amf heat« the water in the upper tiray section. The released gases and ' > ; 
some steam pass to the' vent condensing, section where the steam is condensed and 
the gasc^s pass to the at niosphe re through the vent opening; • , " 



Some d<iaerators 9ombine the spray and tray principles with the water - 
first being sprayed into (?he deaerator and then trickling bv^r a series of trays. ■ 
This combination type is illustrated in Fig. 13. . ' " V 

In this combination type the released gases ^ir^ust pass through the spray 
,pf inpomlng water on their way to the vent opening: In this way any steajii carried 
with the gases will be condensed. This section of the deaerator is cabled uA- 
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The- k-vc-1 in thu stora-c suction is rc-ulatecl by lloat controlled inlet and 
overllow valves. 

One design oi spray dcacrntur is illustralcil in, Ki[;.. U. , 
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The inlet water enters the heater compartment through upward anelcd 
spray no?zlea and Is heatedly steam rising from the scrubber compartment The 
heated water then flows dow^ Into the scrubber section where it is sclbed Jtho 
s eam entering through a central pipe. The steam and the gases scrubbed from 
the water then rise through the heating compartment, where most of (he steam is 
conde^,sed, to the vent condenser chamber. Another watJr spray i„ this ctamUr 
condenses any remaining sl^n, a^e gases then pass out through (he vent 

An ou(side view of another design of spray deaerafor appears in Kig ^ 

Iters"" ""'"^t -"'-is. thermo- . 

meters, pressure^age, manhole, etc. 
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Deaei-dtor vytth External Vent Condt^ser 



, The (Jeaeralors shown in Figs. 13, 14 and 15 all feature direct contact 
vent condensers. That is to^&ay, the water used to condense the steam carried by 
the venting gases comes in direct contact in the form of a spray with the steam. 
These vent condensers are also called internal vent condensers as they are located 
within the shell of the deaerator. , ' 

^ The deaerator shown in Fig. IGteatures an external vent condenser. 
This condenser is located outside of the she\l and the venting gases and steam do 
not come directly in contact with the water. Instead, the cool incoming water 
pusses through tubes within the vent condenser and the venting gases and steam 
pass over the outside surface of these tubes. As a result the steam Is condensed 
and flows back as condensate into the deaerator 

The steam used for heating and scrubbing of theNvater in most types of 
deaerators is exhaust steam from some source. If exhausfvor waste steam is not 
available then live steam can be used after reduction of presXjre ' 

, A ' 

Usually the operating pressure of the deaerator is about 70 or 100 kPa. but 
pressures as high as 1200 kPa arc often used. For example in an electrical gener- 
ating station, the deaerator is usually supplied with steam which has been bled off • 
from the turbine ajid in this case the pressure may be as high as 120Q ^Pa or even 
higher. . ' ■; > ' 

In some cases the deaerator is designed to operate under a vaJuum. The 
vacuum is usually prochiced by a steam jet ejector but in so/nt) types b/ a jnechan- 
ical vacuu(| pump. By reducing the pressure in the deaerator, the water can be 
made to boil at comparatively low temperatures. If, for example, the pressure in 
the deaerator is reduced to 50 mm of mercury then the water will boil at about 
:iH^ C. Vacuum deaerators are not as efficient as those operating at pressures 
.above atmoHt)hcriL\ 

"I. Open Fccdwater Heaters • • 

0|)on fccdwater heaters are heaters which are open to. the. atmosphere" 
and certain liniifationrf are thereby placed upon them. The pressure obviously 
cannot be more than atmospheric,' the temperature cannot exceed the boiling point 
of water or I09P C and they must be placed on the suction side of the boiler feed- 
pumps. Because of their placement, the boiler feedpumps tend to vaporlock and 
lose suction easily which is one reason why they are now seldom installed. They 
were popular in plants with steam engines because an oil separating section was 
normally combined wl^th this heater to separate cylinder oil from the engine con- 
densate, in addition to heating the water open heaters serve the purpose of 

. .'^^ 
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softening, deaeratlng and filtering the water. The softening takes place when bl- 
carbonates break down Into COg and carbonates when heated. .The COg is released 
to atmosphere while the carbonates which are much less soluble settle out in the 
heater. Because bicarbonates can be removed by heating in an open heater before 
they reach the bdiler, they are often referred to as temporary hardness, while 
sulphates, chlorides arid nitrates which cannot be removed in this manner are re- 
ferred to as permanent hardness. Fig. 17 shows a typical open feedwater heater 
In most cases exhaust s^eam is (ised to heat the water. * 
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As the nameSmplles, closed feedwater heaters are not open to the atmos- 
phere and the steam doJH^ot come in direct contact with the water. Being closed 
this heater may be placedVywhe>e In the plant cycle Including the discharge of 
the boiler feedpumps. Thls^loWsnhe water to be h^fed to much higher temper- 
atures than In an open heater S^by doing so the overg^lant efficiency Is often 
increased. Increasing plant effl?l^cy Is the^maln rolM closed feedwater heaters 
but thpy can also be used to soften the water In some cases by precipitating' hard- 
ness from the water before It reaches the boiler. When used in t^iis capacity two 
or more heaters must be placed in parallel so that one can be removed from ser- 
vice-to be cleaned while others remain in service. 

■ ■ ■ \ ^ 
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Fig. 18 shows typical locations of closed feedwater heaters In a steam 
plant. The heat medium is oftpn bled steam from various turbine stages. Fig. 19 
shows thif construction of a closed feedwater heater. 
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lioilcrs or steam generators which operate at high pressures and temper- 
atures require make-up water that is free from any impurities. This pure water 
may be obtained tiirough the use of demineralizer.s to remove the dissolved solids 
and deaerntors to remove the dissolved gases. Another method whidSf^flT commonly 
employed in central stations Is to use evaporators insj,^ad of deminerall/ers to 
obtain water tree from dissolved solids and then to use deaerators.to remove the 
dissolved gases. 

• 'the process Which fakes place In the evaporator is simply the boiling of 

the water. The steam or vapoy produced from this boiling will be free from solids 
and when ^bse^ntly condensed will form solids - free water or distilled water. 
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However, any dissolved gases p%ent in the original water will pass off 
with the steam in the evaporator and consetjuontly the distilled water must be 
deaerated before going to the boiler. The Impurities left behind in the evaporator 
will form scale and therefore the water fed to the evaportitor is usually softened 
in order to reduce the amount of scale formed. In addition 'the' evaporator must be 
blown down either continuoualr ot intermittently in order to reduce the concentra- 
tion of solids in the walJur within the evaporator. ^ 

The heat necessary to boll the water in the evaporator is usually provided 
by exhaust steam or steam bled from a turbine stage. This steam flows through a 
set of tubes contained \vlthln tlie evaporator. . Thl water which surrounds- the tubes 
is thus heated. " • : " 
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INTi:UNAL WATl^R THEATMENT 

/ Internal water treatment is the trg^atment of water after it has entered the 
boliofr, Since this water has now become boiler water is may properly be termed 
bdlier water treatment. ,;The methods of clarifying, softening and degasing have 
been discussed but no system of external treatment, regardless of a high degree 
of efficiency, is in itself adequate protection fox the boiler and associated equip- 
ment. In all eases the feedwater will remain imperfect in some small way which 
always necessitates the^use of internal treatment. The main objective of all wator 
treatment is elimination of the troubles caused by scale and mud, carryover, 
corrosion and embrittlement.* The methods employed in combating these problems 
by internal 'treatment are discussed below and listed in the chart on Page 85. * 

Scale and M ud Deposits ' ^ ' 
^ f , ^ 

Preventing scale a*nd mud from forming in a boiler is important for two 
basic reasons; a) scale ami mud cause met^ overheating .. and I)) they can con- 
tribute to boiler corrosion. As water circulates through boiler tubes it absorbs, 
heat and coofs the metal. Deposits form a barrier between the circulating water 
and the metal, decreasing the efficiency of heat transfer. As the result, the 
metal has to be hotter to transfer the same amount of heat as clean metal. When 
boiler steel is heated to Sbout 500° C it starts to weaken. Keeping deposits at a 
minimum Is therefore important in preventing metal overheating. 
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The basic approach In combating scale and mud from depositing Involves: 



for6lnrt(the hardness to come out of solution and suspended In the 
water rattier than be deposited out directly on boiler metal, 



.1) 
2) 

3) remove excess^suspended solids by blowdown. 



condition or treat the suspended solids ^Hj that they will not 
stick to boller/metarand • 



..AU this needs to be done In the cooler areas of the boiler whei 
water enters, before It circulafes to the hot boiler aVeas, , " 



the feed- 



^Treatment against scale deposits, in general, alms to precipitate hard- 
ness s<ffhat the suspended solids formed are easy to condition. Some of the 
desirable' forms of precipitated hardness are; calcium carbonate, calcium phos-- ♦ 
phate, niaghcvsjum hydroxide and magnesium silicate. Therefore soda ash, caustic 
soda and- variouiT forms ol sodium phosphate are comhionly used because they proV 
duce xleslrable precipitatiuii. * 
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(3) 



StUOOC 1$ ROMOVeO BY: 

«) CONTINUOUS BLOWDOWN 

b) INTeRMlYTCNT OtOWOOWN 



0 



Three Stages in Scale. Pre vuntion 

!.o;:l:; ^ 

<^ncluetivi^y meter. '-"'^''"^vcu soiidb often done with a, 

I AU boilers are equipped with Slowdown piping from the l„wor u-uts of 

C^Z 7" ^"^^^^^^ ( '""^ <^ni!n, lower he u ers J c T 

Use<l. Continuous blowddLn nrovid J " continuous blowdown is often 

'A / 
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drum near tho discharge from the risers ( generating tubes ) and away from the 
Teedv{ater Inlet, a meafuring or meierlng valve to regulate the amount of blow- 
down and a low pressure flashtank where some of'the water Qashes Into steam 
whlch-ls used as a heat supply for the deaerator, A typical continuous blowdown 
41 system is shown in Fig. 22, 
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Continuous Blowdown System 



Wjillc blowdown Is a basic part of any internal treatment program, 

\tj(. 



,...v. wwTTv^^yr.. a uaoii; ymi oi uny miernai ireatqient program, 
excessive blowdown Ip costly as It WAates fuel and water, i Good control of blow- 
^ down is therefore very Important. . ; • 



One additional rtvethod of combating scale Involves the use of chelating 
agents. Ifhese Agents have the ability to tightly hold the metal ions in a soluble 
compound which docs not deposit on hot boiler surfaces, Tlie use of chelating 
agents can give better results than conventional tre^atment in some cases but 
accurate control must be provided when they are used. The cost of agents such 
as EDTA and NTA is high ^ that they arc not normally used unless t-he feedwater 
hardness is less than 2 ppm. If proper feediog points, sample points and good 
analytical control are not available, chelating agents present a potentially severe 
corrosion hazard; ' ' ... 

Carryover ' 

Carryover of water into the steam lines can occur when the boiler water - 
primes, mists or foams. Priming is a condition where water is " lifted " into the 
steam linos with the steam during high water levels or sudden load increases or 
when th(! steam separating equipment in the steam drum is broken or otherwise., 
inoperative. Misting is a. carryover in. the form of a fog-like mist which is caused 
t)y tiny water particles fliat are thrown off by the water as steam bubbles burst on ' 
the surface. Misting is not caused by boiler water solids'or chemical conditions 
and can only be prevented by effective steam separating equipment such as separa- 
tors, washers or dryers. 

Foaming or frothing occurs when the concentration of certain types of 
dissolved and suspendcMl solids in the boiler*water is too high. The impurities 
strengthen the film around the steam imbblen so that they do not rfeadily burst at 
the water surfac(! and form a froth. This ft^oth beeomys entrained in the steam. 
To prevent lo^miing the Solids iri the l/oller water must\)(; controlled. " Chemically, 
foaming can be prevented by/ the use of antifoams which weaken the'bubblo film, 
causing the bubbles to burst easily. 

C;ari7over is very unticsirable because it will cau.sc deposits in super- 
heaters and steam driven equipment, . Severe carryover nuiy cause costly and 
dangerous damaj>e to turbines and engines, 

Corrosion . j 

~~ I 

Protection against C(frro8i0n is extremely important because once metal 
has corroded or disappeared, the damage donl is irreparable. The two n^ajor 
contributors to corrosion are a low pH ( acicT dissolves iron ) and dissolved 
oxygen. COjj car^^ause a low pH because it forms carbonic acid but CGg ''^^^^^ 
speeds up the corrosive action of oxygen. Oxygen Is roughly five to ten>times 
more corrosive than carbon dioxide. But the two gases acting, together are if^ 

-.■ ■ "•' ' 

^ ' ( Pi*;:vi3~i2-;{y f 
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o 40 percent more corrosive than the same quantity^ the two gases acting separ*: 
tcly . A high enough p|l is normally established dujring the control for soafe and* 
sludge' for which soda ash, causticj soda o^ pho^spWies ai-e used. Sodium sulphite' 

^ "1 /«/''o'^"»only employed to 8cavenj|;fe oxygen from water in low pVfessure • 
boilers while hydrazine ( Ng H4 ) is mostly used in high pressure boilers? These " 
. chemicals may be fed to the storage se<ition of khe deaerator so that high pressure 
leedwater: heaters and economizers are also protected. ° , prcssi^re^ 

' . ■ ' ' '■ '• 

Corrosion of return lines is another commort occurrence because carbon ' 
dioxide may be released in the boiler by the decomposition of bicarbonates and air ' 
may leakv into return Unes, particularly in vacuum, and gravity systems. . 4 • 

To prev/fit corrosion of return lines, chemicals may be fed.to^the boiler 
which pass off with the steam^nd either neutralize and raise the plt of the conden- 
sate or else form a film over th. return lino surfaces .and thus pi:evenA^orrosion 
1 he chemicals are known as amines and in the first ca^vo arcxv-iWntMSralizing * 
ammes and in the second case are called filming amines . . • ♦ • 

lirnbrittlement ^ ^ ♦ . 



t 



On Page 3 of this. lecture caustic embrittlement w%s'Wcussed. Embrittle- 
mont prevention involves exact control of pll, the importance of which increases 
with boiler pressure. In high pressure boilers a precise^ethod of control called 

co-orduuitcd phosphate control is often used to eliminate free caustic and the 
possibility of'embrittlement. . . 



CHOICK OF WATER TREATMENT 
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In general, as boiler pressu>W^;icr^msev ;itni.rbved feedwater quality is 
required, l^wer pressure b^^ilersjiri^ often'abl!.. tc> use'rilw water make up with 
/>.ily internal treatment. IHih Pm^sury^Mlpcs^at the ^thor emi'of thJ^ale .nt^y V 
n.quirc;extcrnal.troatment o^.^^ii^■ma)^:^H^^r■v^ 

Am\ thcro.are all" degr^e^ of vi^eawater extremes ' ■ 

Lower pros.sure hoH^V8jj^^^M>oni nm kPa: need c>xtt.>bai treat mt^nt. only when 
suspended sc^ids in thir:^^Jlte^lll be top higl,-^^^ - 
wa cr soft inU^rn^^t^^m v^ig Ukely bejible to haHl^ the job alohc 4Vheti - 
tmtkeup IT high or;tt>e raw vvateT.> hard, a.,Ltmc;^^o(ia seftetier with ftlter^^ 

i S^f1-#?^* 2fcj)jjfTHs liKely'needed. if practical; a deaerator- should ' "■ 
be inau^^^^ mQ: t^t.^M&TM^ to , jremxjve dissolved oxygeti-and GOv^'-'^^^ ' 
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' - v;; Boilers operating Over 1200 kPa nearly >.lways require- some type of 
. external treatment and adeaerator Is a must. Lime soda softeners are able to 
v.| remoye large quantities of hardness b^t the hardness of the efQiient Is still 20 ppm 
^ Vpr hig^^r. Ion exchangie softeners califiot remove lai::ge quantities 6f hardness but' 
^^the effluent of a zeolite SQftener^s 1 - 2 ppm while the efHuent of a demlnerallzer 
v. apprpacli^s zero hardness.* The degree and type of treatment system wlU vary 
ivith 'the percent makeup, /raw water hardness and overall economics. The cost 
of ch^mlcajs,^ installation, maintenance, depreciation, etc., all must be taken 
Into cdns^lderutlon.- The type of equipment which provides, optimum results With 

• . m^inlmum c'ostsWlU obviously be the best choice 

V,.. p^' ^ . ■ • 

• . *•• rable 1 on Kago 4 Of this lecture gives a suggested maximum limit of ' 
/feodW^tOr sol'ids for boilers operating at different pressures, From this table it 

is obvious that a lime soda softo^ier would not provide fide<i|uato treatment for 
boilers operating at pressures over 2400 kPa whil^a z/eolitu Softener becomes in- 
:uiequat«?,for boilers over T'OGG kPn. A combination of lime soda followed by filteri. 
- and ion exchange is a likely choice f6r high pressure f)oilers with hart! make up 
watei", the U'me-soda being used to remove the bulk of the Imrdness while the ion 
./ - exchange is used to lower the hardness of the lime-soda effluent further to the. . 
level required,, 

TESTING MlStnQDS 

!■'*•.-■■... * 

: ^ Irv order to determine the nature and amount of the'nnpurities in the 
boiler wateV or in the feedwater, it is' necessary to obtain snrniplos^onTnsW 
and sii cot them ta viiiTtou:^ • • . . , 

, ' 'I'he saniple container must be efoan and should be "rinsed o'ut\with water 
■from the sampling line. Water must bo allowed to nm from the sarfipli>ig line for 
sufficient time to ensure tliat any stagnant' water in the line is. not taken as the 
,saniplo, The testing of the sample* should be done"as soon as the sample haM 
coyled to room temperature and suspended solid| have settled out. , 
*' ' 

The various impurities in the water which cause hardness and alkalinity 
art! expressed as ppm, of their calcium carbonate ( Ca CO.j ) 'equivalents. This 
equivalent refers to the molecular weight of the irtipurtty compared to the mole- 
cular weight of Ca CO3, and give a common basls'for comparison of the impurities 
- ' present. ••, ., ', ' n . ■ " 

I . ' ' '. The test commonly drried out on the feedwater and tioiler water arc 
!. briefly described In the following sections. 



l Ajtiness Test 

^ Hardness of the water Is due to Impurities or Salts such as those of cal- 
cium and magnesium which aro^dlssolved In the water. These will cause scale In 
the boiler unless propprly treated. To determine the amount of th^e mineral 
salts in tbc water, a sample of the water Is subjected to a soap tesf The impuri 
ties combine witlVthe soap to form a scum and retard the formation of a lather 
Therefore the amount Of soap.jigeded to combine with all the Impurities will give 
an Indication of the aihount of impurities present. . .. 

The procllure in making thTtest Is to obtain a sample of the water and 
Mtor it or let sus^ded solids settle out, Then add a measured amount of the 
filtered water to a clear glass bottle equipped with a glass or rubber stopper 
Small measured amounts of a standard soap solution are added to the water with 
the bottle being shaken vigorously after each small additioa of soap VV«in just 
enough soap is added to produce a lather that lasts five minutes all the mineral 
inipudlies are considered to have combined with the soap and the amount of soap 
used will indicate the hardness of the water in ppm of Ca CO3. 

A lkalinity Test 



The alkalinity of the water may be due to hydroxides, carbonates and bi- 
carbonates of calcium, sodium, magnesium, etc. The water can bclested to 
determine the amounts' of these alkalies and the amounts are then expressed in 
ppm of Ca CO.,. 

\ * " 

\ • * 

.1. f hcVolphthalein Alkalinity Test 



This^Ui^t^dicatos alkalinity due to carbonates and hydroxides dissolved 
m thv water. It does not indicate "alkalini^ty due to bicarbonates. 

..■ Phonolphthalmh is a liquid which is ulbd as an indicator of caVbonato 
and hydroxi(k' alkalinity. When a drop of this indicator Is added to a .sample of 
the water i( will cause the water to befcome pink in color providing the water 
contains carbonates or hydroxides or both. ' 

*■ ■ 

To conduct the test, a small amount of phenolphthalein l/added to a 
measured sample of the water. If a pink coloJ appears then sulpfuric acid is 
added drop by drop to the wat(»r until the pink oblor just disappears. While this 
IS being done the sample must be stirred constantly. The aip.ount of acid required 
to make the pink color just disappear will Indicate the amount of alkalinity known 
as phenolphthalein or " P " alkalinity and this Is expressed In ppm of Ca CO., The 
satriple 18 then put aside for the following test. 



This test is used to determine the amounts of matcVlals 
.. which cause alkallnlty'of the water. The indic^itor , used ftpr this Is methyl orange, 
and it; will give -a yellow color to alV^^HnQ wafcer.^''^^^^^^^ ^ < . ' 

To perform the test a small amount df methyl orange is added to the same 
sample as used in the previous test , If a yellow color is produced then this means 
that the sample is still alkaline due to bicarbonates present. Sulphuric acid is ,. > 
then added drop'by drop until the yellow color turns to a salmon pink. This in— ! 
. dicites that all the alkalinity has now been neutralized by the sulphuric acid and ■ 
the total amount of acid used, namely that used for the methyl orahge test plus . 
that used for the phenolphthalein test will indicate the total all<alirtity of the sample 
expressed in ppm of CaCQ3. The total alkalinity is jdso called methyl orartge 
alkalinity or " M "alkalinity. , , .•. 

. IXissolved Solids Te st . r 'r'' T ' 

To determine the amount of dissolved solids in the Wipiter the ability of^^" ' . 
the water to conduct an eleetri* current is measured; The greater the amount of 
dissolved solids present in the w.ater the greater will b^this ability to condudt or ' 
^he greater the conductance of the water. ' ■ • . 

To perform the 'test a sample of water is taken and a small amount of 
phenolphthalein is addcd^ If a pink color appears then sulphuric acid is adcled ' ' 
drop by drop until only a faint tinge Of pink remains. This is done to rieutrali/e 
the hydroxide alkalinity as , the hydroxide ion has* a Very high conductivity conTi)a^ol| 
to ions of neutral salts and if not neutrali/ed would render the conductanee test 
inaccurate. : • , • • . : • . ' ■ " 

The conductanee of the neutralized sample is now .ftreasured by means of 
an elcctrteal instrument and the reading when multiplied by a conversion factor 
will give the'diasolvod so|i(Js in ppm. 

The pH value of a water sample may be. determindd i^y thegiise of an ' 
^ectrical instrument known as a pH meter, two electrodes are imr\iersed iirthe, . 
sample and a voltage is supplied to the electrodes by means of a battery or a 
power pack. The voltage between the electrodtss will vary; according to the amount 
of the hydrogen ion cbhcentratlon In tfie sample and thrs'voltajje is indicated on the . 
pli meter which Is calibrated to f eadl in pH numbers. * ' / \ 



Sodium Sulphite Test 



\ 



In cases where sodium sulphite is f^d to a boiler In order to prevent 
pitting due to dissolved oxyg.en, It Is necessary to ascertain that sufficient amounts 
of sulphite are supplied. Usually If there Is an excess of 20 ppm of sulphite main- 
tained in the boiler water then the complete removal of any dissolved oxygen will 
be assured. . . 

In determining the amount of excess sulphite in the boiler water, the 

following procedure Is used; 

•' ' . « * 

When obtaining the sample of boiler water, care should be 
taken to avoid contact, of this water with the air. The sample 
should be cooled to rbom temperature but should not be filtered. 
A measuired amount iyf the sample Is then put In a porcelain ^Ish 
ancj turned slightly acidic by the addition of sulphuric jacid. A 
sm^U amount of wStarch solution is added to the sample and then 
, a p6tassiunn^-iodide-iodate solution is added drop by drop until 

. a permanent light blue color Is attained. During this procedure 
the sample Is stirred constantly. The amount of the potasslum- 
lodl^e-lodate solution necessary to produce the permanent light 
bludlcolor will Indicate the ppm of excess sodium sulphite in the 
boiler water. 



Phosphate Test 

k 

A common formt)f internal treatmewi for thcrprevontion of scale in a 
boiler is the addition to the boiler water of sodium phosphate compounds. These 
will precipitate the scale forming materials as a sludge which may be blown off 
from the boiler through the blow-off line. In order to hsi^ure this precipitation 
of the scale forming materials, It Is necessary to h^ve an excess of phospli?Lte In 
the boiler of from 30 to 6o ppm. 



present; 



The following test Is used to deterrnlne the amount of excess phosphate 

The sample of boiler water Is thoroughly filtered. A measured 
amount Is then poured into a mixing tUbo and molybdate reagent 
Is added. The tube Is then stoppered and vigorously shaken. 
The next step is to add dilute stannous reagent^ which has been . 
freshly prepared from concentrated stannous reagent and dis- 
tilled water, to the mixture in the tube. This will produce a 
blue color and the lightness or darknesb of the blue will Indicate 
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« the amount of phosphate In the water. The tube is compared 
with standard colored glaaa slides which are marked In ppm 
of phosphate, 

^ The apparatus used In all of the foregoing tests should be thoroughly ' 
cleaned after uSiiig and then. rinsed again with distilled water or with part of the 
water to be tested just before the testing is carried out. The testing room or lab- 
oratory should beyquipped with a sink, hot and cold running water, electrical 
outlets, equipment\cabinets and the necessary desks and tables. 





( PE3-3-12-.45 ) 



POWER ENGINEERING 
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- QUESTION SHEET - 



\ 



Third Clas 
Sect, 3^ lac 




1. Explain what Is meant by impuritl^es in water and what problems 
they can, cause in a boiler. | • " 

2. Wliat is caustic embrittlement? What factors are required to 
produce caustic embrittlement and how is embrittlement prevented? 

3. Name the equipment available to treat the feedwatcr mechanically, 
chemically and thermally. What is the basic purpose of this 

equipn^ent? 

4* Sketch and describe the operation Of a coagulate r. , \ 

5. Make a sketch of a pnessure filter. What itr the purpose of back- 
washing-this filter and how'ia a backwash operation carrl*ed out? 

G. . a) Explain the operation of a sodium zeolite softener. . ; 

^ b) What are the purposes of backwashing, reWencrating and 

rinsing such a softener and how are these pVocess^es carped out? 

7. Sketch and describe the operation of a deaerator. ^ 

H. a) Why i's it important that scale and mud are not deposited in a , , 

I) oiler? N ! 

b) How are these deposits prevented from forming? r ' 
9. a) Comp.ire intermittent blowdown with eonjii^uous blowdown. 
b) Make a drawing of a eontinuous blowdown'system. 
Describe briefly the following water tests: . ^ 

II) hai^dness * ^ 
b). I^-alkallnity ^ . 
e) M -alkalinity 

d) so^iunr sulphite , 

e) phosphate 



, ( i'E.v:r 12-Q ) 
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Goal: 



Y •■ 



The^ apprentice will be able to 
describe the basic feedwater 



treatments A 



\ 



Performance Ihdlcators: 



U Describe external ^treatments* • 

2. Describe Internal treatments* 

3. Describe sampling of boiler 
water ^and steam for testing. 
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INSTRUCTIONAL LEARNING SYSTEMS 





Read the goal and performanca indicators to finijidist is to be learned from 
package* • ^ • 

^ Read the vocabulary list to find new'^vrords that will be used^n package* 

*^ Read the introduction and information sheets* 



* Complete the job sheet*' 
' Complete self*^asi^essment» 
^ Complete post-asaessment* / 



t >■ 




Anion exchanger ^ 

Caustic embrlttlement ^ 

Carryover prevention 

Chemical coagulation 

Continuous hot process softener 

Continuous ^sedimentation cold process softener 

Continuous sludge contact cpld process softener 

Deaerators 

Deionization process : 

Dftmlneralized water 

Dissolved gases o 

Dissolved solids * 

Evaporation : 

External treatinent 

Filtration. 

Foaming 

Hoti lime— hot ion exchange softener 

Hot lime — phosphate softener 

Hydrassine , 

Hydrogen ion exchanger . ^ 

Intermittent cold process softener 

Internal treatment 

pH control . 

Priming ^ 

Return ^MLa^e corrosion 

Reverse osmosis 

Sample cooler ^ 

Sample testing 

Sdale prevention 

Settling tanks 

Sodium hydroxide 

Sodium ion exchanger 

Sodium phosphate 

Spray type deaerator 

Steam sample ^ 

Suspended matter ^ 

Tray type deaerator ^ ^ 

Water sample 

Water softener 

Zeolite 
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A steam piLant Is troubled with scale deposits and corrosion « Scale deposits 
reduce the ability of the unit to transfer heat« The level ^^f *scale formation 
Is determined by the pen tent and purity of the watejr^used to make steam. High 
purity water used to make steam. High purity water becomes a major concern for* 
the boiler operator. 



This water is heated to form steam* As the water is tranraformed to steami more 

water is fed into the boiler* The term feedwajber is used to describe water that V 

is fed into the boiler to become steam* * ^ ' • 

■ , ,- ■ ■ . 

To avoid damage from feedwpter, the water should be tested and the water treated • 

according to the findings of the tests Follow-up tests should be conducted to 

make sure that/ the treatment corrected the problem of water j^uality* ' ' 




i \ 



/ 



ftiformation 




Water Treatment ' f . 

■ ■ """" * ^ . ■ ■ ► 

The purpose of feedwater treatment is to: ° 

1. Remove salts that form scale. ^ . . \ 

/ 2. Remove acld-formlng materials. r ' 

3. Reduce dissolved oxygen content. 

A. Regulate total dlsaolved^ollds content. ' ' ^ ^ * 

Water impurities that cause problems in feedwater are; 

• - . '' • * 

1* Suspended matter is material that does not dissolve in water and can be 
removed by filtering.. Examples are organic material, clay, mud, 

2. Dissolved solids such as calcium, magnesium and silica make compounds 
feedwateJ" ^ deposits. This problem .requires treatment of the 

3. DiBsolved Rases such oxygen afld carSon dioxide corrode the boilef and ^ 
piping. Mechanical aeration and chemital treatments are used to\empve 

' the dissolved gases from the feedwater. 

5 \ ' , 4. ■ \ 

The methbds of treatment may be classified as; 

U External tyfeatment of the water before it. enters the boiler, i.e. 
. evaporation, filters, deaerators. , 

2. Internal treatment by. rhpmimi moa.., lr rntcro the boilui . 

External Methods of Treatment ' m ' 

Several external methods of water treatment are used to purify the ^feedwater . ' 

V 1. SpttlinR. tanks can be used to settle out suspenUed natter. Water is 
!i:T:. ^5°?"* settlmg tank until suspehded -fatter settles to 

the bottom and is drawn off. If, the suspended matter Wa fine particle 
such as clay, chemical coaftalatinn r«n be used to incrlase the particle 

?if!n?^^r 1 ^^"^^ Al^inum compounds are common coagulants/ * 

Coagulation also removes some solids other than suspended matter! 

2. nitration Involves passing raw Vater through f 11 tera of sahd and gravel 
or other mediej. Filters trap most suspended materials. / b 
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jressttre filters will remove finer particles than a gravity filter unit. 
The filter media is graded in .density ami pressure is applied J^jo^ push 
the water through the filter. A drawing Jp^f a, pf assure filter i/^owri. 
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P«SSW£ SUrtlY , 5^ '^ 

WTAi<V:SU«rACC ^ 
WASij^ (OPIK)HM) 
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% MEDIA 

SWINtCSS STOL i 
STRAINERS 

STRAINER PIATE . 

oimo 



Wat ier softeners are used to remove scale formitfg dissolved solids from 
the feedwater. Lime (calcium hydroxide) and soda (sodium carbonate) 
precipitate the solids. A. coagulant is then used to settle out the' 
dissolved solids. Idme-spda so£tenerj| Ttoay be used as the 
intermittent cold process softeners 'for saHcall plants}- as continuous 
sed ^entatlon cold process softeners "that jare continuously mixing lime 
and ;3oda with water and the * sedimentation .'process 1$. pn-going},, 
continuous sludRe contact cold'^j^rocess, 'softener ^that mlxes^ raw 
water ^ with sludge and^t^emlcald; and the continuous hot process . ,,The 
contli\uous hot procwfe softener is the most widely, uped . . Chemicals and 
water '♦tire mixed and iomjedlat'ely heateA*to 100 G by ste^^ The .splids 
pr«cloitate and are removed by blow dowiif The hot lime- 
hot .imosphate softener uses h<ft- phosphat^e .ailong with- , the ^hot lime,, 
softener. Almost, all dissolved solldt^^dn bp removed through ,thiB,, 
treatment. The 'hot lime softener can be combined with an Ion '^xchanfter 
to remove ' hardnefis and carbon dioxide from the \water. ■ A: hot lipie- 
hot Ion exchange aoftener is shown on the next page<'^ ;vC 
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■ sydiyldtt •■bical'tionat*' ;that;;id-'\the ,ca ^'K' '.- -i 

^dloxJdfrK-. causes ei-osionv^j^rcjbXenia 'ln' t^^ ' ■ fis^lS^^^ 

'us;ig.s'''----a^'''''";'_^t(gl^ a ■■hy4ir^ogirt--'2ei)ifi^^ 



to t^itapve 



V- :v^^vi;;ii^>\iJi8ad^ t ), chloride^,^9^dJi9ili^^ anions ^■ 
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HE UCAt TUBULAR ; 
MEMBnAHl AND 



'CONCSNtnATe 




PIRODUCT (Pef!lM6AT8) 
TO COtLeCTldN SYSTEM 



• . - 

■"■'•^ri- 



;^v: ^E»yp6ratl6ii - involves boiling water.' |he steap from boiling water : is 

used as feedwater. Degterators are used with eyaporators 
si>' 'th dissolved gfiibea and minerals are reifoved |ro!8 the 

teedwa,1^er. Watej is usually softened before evaporation 'to avoid scaj^e 

V fotineitions in the evaporator. A typical evaporator is ^shoWn on the 
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>i^NO CEVBi 
CX>NTR<X 
CQUAUZGR / 
CONNECTIONS I 

'■.\ 



aOATING HCAO 
AS$EMBLY 



CONWSNSATe 
DRAIN 



NUET 



INTERMQJUTe 
SUrPORPNO 



5. 



/ 

Deaeratlon is- Usetxi to remove dissolved gases from water. Oxygen and . 
carbon dioKide cause corrosipp in boilers. It is wise to remove as much 
ojf! the dissolved gases as p<^ssible through '4eaeration. Mechanical der 
aeral:ion involves )iesting the water to the boiling point and pushing the 
gases into the atmosphere. During this process the water is scrubbed 
wj^th^ steam to rejiiiove the ge|.ses from the water. Deaerators consist of 
four' / sections. Thej^ aro^ dither of a spray type or tray type . In the 
stfifay type water is sprayed intd fche" first section where it is heated; 
fflOred through t|ie Scrubbing section; moved into storage section ast 
\deaerated water; and thev.> gases move to the last section arid then* 
outside. The tray type ^iaeratoti) is very much like the spraV type 
except that the wpter trickles flown ^ver ttays instead of being broken 
up , by spray '.nozzles . 
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Internal Methods pf 'Treatment . 

Internal treatment is conducted after, the water has entered the boiler. It may 
be" used as the only .treatment in some low pressure boilers or in addition to 
''^ external treatments i Som^ of ,t;hose internal treatments are: 

' •■ . ; ■ . ■ ■ . . 'i :■ „ ■ ■ 

pH Control — prevents acids in boiler water from corroding thM metal. 
The pH must be kept; hJLgh (10,5) by adding a base solution. 
Sodium hydroxide has • been used in years past but is now found to cause a 
. problem called caustic"^ embrittlement . To avoid this problem, operators 
should use sodium .phosphates for raising the pH level of boiler|water . 

2. Scale prevention treatments involve precipitating calcium and magnesium 
salts and removing them as sludge during blow-off., The sodium 

ate the most suitable chemical for precipitation of salts 
• that later • bi^tome scale. 

3 . Oxygen scavenfting . . The feedwater brings undpLssolved oxygen into the 
boiler> This oxygen will cause corrosion of the boiler, feedwater 
linep, heaters and economizer. Mechanical deaeration should be 

' practiced on all feedwater. In addition, this should be followed 'by 
oxygen scavenging or chemical deaeration to remove the remaining oxygen* 
Sodium sulphite is the chemical to be used in scavenging. With some 
high pressure boilers hydrazine , aj strong alkali, is used for scavenging 
oxygen. ; 
■ / . ' . ■ ' . . ■ • 

4,. Carryover prevention involves steps to assure that boiler water solids 
do not leave in the steam. A previous package discussed priming which 
involves carryover of water in the steam. Fo^aming is a condition where 
bubbles form in the boiler. These bubbles cause water to be carried 
over in the steam. There are many causes for water carryover including 
chemical and mechanical reasons. Blow-down reduces the amounts of 
suspended solids and prevents cartyoveri Such things as oil in the 
boiler can cause foaming and carryover. There i$ no internal treatment 
for oil in the boiler. fjahy new anti*-foara agents are available to help 
control carryover by foaming. . ' 

5. Return line corrosion is caused by darbon dioxide and oxygen in th^ 
condensate solution, '.MechanicaX and chemical aferation can prevent 
problems witli oxygen* . Carbon dioxide can be controlled by the use of 
ammonia, neutralizing amines and filming amines.; Ammonia is corrosive 
to coppei: and zinc bearing metals. , . ' 

■ ■ 10 . • 
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Sampling Boll6r Water and Steam 

The operator must be able to cpllect samples for testing. That is the only way v 
to determine the qualify and purity of boiler water and steam. The sample diust. 
be representative of the total water and steam capacity, ^ 



K Water gainples ^^ghould be collected from an internal pipe ot from the 
continuous b)^ dovti pipe. The samples should be cooled --t;<^ rooip 
temperature in a sample cooler . 



2. Steam samples , are taken from the drum by sampling lines. It isv 
condense'd and cooled in a sample cooler. 

3. Sample testinR must be carefully done to avoid contamination of samples. 
The test instructions must be followed closel;^ if good results are 

' expected'. 
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A" . ■ 

* Read pages 1 - 33 in the supplemeritary reference , 

* Complete job sheet • ^ 
Complete sel^-assessment and check answers . 

*• Complete post-assessment and ask the instructor to check yout answer^'*" 
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Job Sheet 




ASSIST ORERATOR IN COLLECTING WATER ANP STEAM SAMPLES 



* Ask a boiler operator if you can observe ;;fte techniques for collecting and 
preparing samples of water and steam for testing. 

" ' ■ ' ■ ■ y , ■ . ' ■ • 

* Asai.3t operator in^ Collecting samples. | 

* Recb.rd the steps in collection procedure. ^ 

^ Record steps in sample preparation such as cooling^ 
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Self 

Assessment 





Match', th^ following terms. and phrases. 

« 

^ 1 . Dissolved gases - 



2. Dissolved solid^ 



3. Suspended matter 



Chjimical coagulation 

5. Walter softeners 

^ jr * 

6. Demineralized water* 

7. Zeolite * 
8* Ev^por£rt:iQn 
9» Deaeration 

- V, 

10, ^ Rejyerse osmosis 



A, Removes scale fortoing dissolved 
solids from water. * 

Requires water to pass through 
Y a membrane under pressure, 

0. Increases particle sisie so 
that it will settle orut. 

0 

li, Mdke compoi^nds that cau:$e 



scale. 



E. . Involves boiling water into 
^ steam and condensing it. 

i ^ 

F. Cause corrosion in boiler 
,and piping, 

G. Does not dissolve in water. 



H. Used to remove dissolved ^ases 
^form feedwater. 

I , Requires cation excltange'r , anion 
exchanger awl degasifier to 
manufacture it. 

' < , ' ' k ' ^ 

J. ttChanges calcium and magnesium 
compounds to sodium compoufids. 



\ 



^ Self Assessment 
Answers 



F . 


1. 


> • 

D 


(2. 


G 


« 

3. 


' C 


4. 


A 




. I 




J - 




* 

E 




•h 


9. 


B 


10. 
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Assessment 




1 



Match the following terms^ and phrases. 

!• Spnay type • 

2\ Sodium hydroxide 

^ 3.^ Sodiiim phosphate 



A. Oxygen scavenging 

5, Foaming . 

6* Sodium sulphite 

7. Ammonia 

8. Wa'ter softener 

9. Settling tank 



, r 



10. .Return line cor^rosion 



A. Removal of oxygen by 
chemical deaeration . 

B. Removed scale forming elements 
such as calcium, magnesium 
ana silica., 

C. Used to j^emove suspended 
matter from water. - • 

D. Avoids caustic emkrittlement , 

E. Type of deaerator. 

F* Chemical used in oxygen 
scavenging. * 

G. Causes caustic embrittlement ♦ 



H, Caus'ed by carbon dioxide and 
. oxygen in the condelnsate 

solution . . ^ - . 

I. A type of water carryover 
into steam. 

J A' Corrosive to copper and^ zinc 
bearing metal 



> * 
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Ihstructor 

f est Assessment 

Answers 
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E 



D 



i 

3. 

A. ' 



-5. 

7. 

8. 

C 9. 

H 10. 
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^Supplementary 

References 





* Correspondence Course, ' Lecture 12, Section 2, Ficst Class, Steam Generatipn. 
Southern 'Alberta Institute of Technology,* Calgary, Alberta, Panada, 
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Corrc'.spon(|encc Courses 
' , Power KngiiU'oring 



SI-X'TION 2 



WATER THKATMKNT 



I'Mrst Class 

Li.!ct 




J Imi)uritic's are always nrescnt in any water supply and tl»c:sc inipuritios 
must l)e (letcr mined })>' analysis and then eontroIIcMl by water treatment. VJ^iter * 
.roatnient involves the r^niov!\l ot un(losiral)le impurities' and, often, the addition 

losirab.le substancos such l\s cox'rpsi(^i^ inhibitors or precipitating or. coagu- 
lating agents, * ' . / % / 

The impurities that nfny be present in a water supply ean i)e- elassified 
into three main groups; suspended matter, di^ss«lved solids, and dissr>lved ga'ses. 

• Suspended matter consists ot materials which do not dissolve^ in the w'uter 
and \vhi(di thi^refore can hv removed l>v nitration and/or subsidence. "Kxampl(\s 
are mud, .sand, clay, and organic nuiterial such as sewage, algae and vegetabk* 
nuilter. 

The dissolved solyl^ wliich cause thoNnost trouble in a l)oiler are cfalcjum, 
magnesium, and silica, ^\)mp()un(ls oji these elements form dArnsits which in- 
hil)it h(»at transferand which may even clog fluid transmissioiTsystems. As '/ 
th(\sv- compounds nvv dissolved in the wafer they ^annot be removc^d l)y filtration 
or sul)si(lence, instead sonu^ other [y\)r of IrcNitmenl must be emplbved, sucli as 
sottcMoing, (Unfiincrali/ation, evapoi^atioiv oiMntc^rnal chomical treatment. 



DissoIved'Kases^eonimonlyHouivi in water are oxygen and carl)on dioxide • 
and if not removed' will eause eorrosion of boiler and piping. Treatment for dia- . 
solved g!tst;s u,sually eonsists. of nieehanieal deaeration together with' chemiCaT ^ 
treatment, - / V , . . " ,. 



' BEST COPY AVAILABLE 

4" 



There are two nidn olassilieations of water treatment, namely, exterhaf 
•treatment and i.nterfial- treatment. ' 7 • - — 



^ External treatment refers to the treating of the water'before U (>nters the: 
boiler and includes the use of filters, settling tanks, wat,er softeners, deminerar 
• izers, reverse-osmosis installfttiQhs„cieaerators and i;vaporators. . : ., 

' Internal treatment refers to the treating of the water within the boiler bv 
olfemica^moanR. * ' 

• . v: . ■ ■ • 

'.'/•• • - " ■ ■ 

Kxternal Methods . ' ' a ' 

1. Settling and €oat;ulation - ^ . ■ ' • . .'' 

*. • '. ' 

, Settling or subsidence may. h'v .used to rcMriove" sus|Jended "matter from WMte 
A .simple tank may be use.l intc^ which the water is intro.lueed' ami allou'ed to stand 
unt.l tlu. sediment has settled. The clarii4ed water is then deeanted off and fhe 
sediment removed fro r\i tfie bottom of the t^mk whieh is then refilled for another 
cycle, ^ ■ ' . •. . 

.A continues method' of subsidence consists of passing the water through 
a basin or po^l of such.slx.e and design that the velocity of the flowing water is 
low enough,to let sand and silt settle before tlie water leaves the pond ' 



If the. watei: contains suspended matter of low specific gravity or of fine ' 
particle s,/e then chemical coagulation is nx.>Cessary lex- increase the si/e the 
« partii^les so that they will settle out more' readily. 

. ♦ 

Thx) chemicals used for coagiilatrdn. hifvc the effect of neutralixing the 
;iegat,vely charged surfaces of the suspended' particles thus allowing them t(;^ 
attract e.-kch ^ther 'and form larger parUcle.s;" The coa^^i.lant clu-micals aisc?*^ 
form insoluble floe particles which tend to.;enmesh the very small particles. " 

■ Aluminum compouncls, csrKxlally alum, Al^ (S()^) . IH II^O, and sodium 
alummate. Nag Al^ O4, are the most widely uned coagulants. They produce '1 
tough, heavy aluminum-hydroxide Hoe whiclf entraps the suspended solids 'This , 
floe is insoluble as long as the pH df the water remains -teetween 5. 7 and 7*5 It 
will dissolve, however, if t),e pH is below '5.7 or above 7.5. Therefore the pH 
Vnust be i)roporly...idius^ed^uid ctosely controlled and this i*:done. by adding an ^ 
acid or aj! alkali to maintain correct pH during coagnilation. * * 

(ri':i^2-T2-2) . " . " . .; ' '\ , ■ 
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, ;A(Criihe Cochriine):' ' ' ■■' 



. 'rho soHcIs contact reactor shouA in I'Mg. r pji-otlucestOl^^^^^^ 

wytcr by. nieans'|of coaf^iilation. The coagulation cKeyr>icals-^re a(tnUtto^^ 

the cboiiica I i nlet .shown i n the sketcli. -ir clesi refl,. W^hor; cfheit^ '^^^^ ^'-^ 

to thtr coan^i^Iiiiits may l)o„ivso(l to reduce^a-tkalinity, ' ta>x)ften; t|itv?U'nt,e)^^ 

r(Mn()\'iv><'iIioa 4'i!on)- UnMvatbr;- — v' ° ■ ■■. ' „ ; ,■ a - ■.' i,:?-^-; ■ ^ ■■ ■ , -'^w A ^^ .V'^!^" 

- .. M ' "■•■'.■. : ■■■■■.;.,• -■-„."'■/• ■■■ ■ '^i-v''^-^^^.-^;::;:' ^z^.- 



^'he law \\\vter,ahU the chointcals arc iiitroducej;1;;a«:lj,r|!erit to BUelv athorj;)- X' -^^^'^':'^-. 
■ iu>ai- tho bottoin qf. the. reactor, 'I'hcy are thorcxuKhlyi hiixtkVtogcther ^rtl(l:a ,skir'i^^^^^^^^ 
M)f rioc is |)ro()uce(%,hich;.i;fv kept in- suspension by the^ agitator he incoiifi^ij^ '^ ''<..J-^^i''i---^. 
water is them directed to the centrciof thO; re'a^ctor A\'herb -it rtse^ into the (♦lari-^ v -^'y^ 
l'y.in<; /one. As the water rises Mirough the fioe, the yriu'fipcMKUvd painiehVs, Wt1».r\>-^^^ ''X^''^ 
niov(>d and the c.Iainl'ied w at(>r- heaves via the ,i/f|lu 'I'ln^ !^(Mi.ied\)ut ^ "^^ :V ''■'.-.yK-. 

solids eoHevt in the sludi;(v eon(>ent i-.'itor antl aiVv ■rii.MiKWix^^^^^ ' ; , ■ 

The •opening of the slu^lgo' OMthit-vnl ve- i s -inlffg.ttuV^ rH^v^V'^'tcr lloii^Wvotc?!-- and ■ ,,. . 

closed by a titncr. The, sludge removal 11 fwHrare back-flushed before sludge, .'l. ' ' 

outlet valve opens to avoid clogging of the :lines. ■ ■ , ^ • ' . : , 
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Hr ;> , i^:^^ oi porous, tnat^erral tliroutjh V 



- • : • Usual.ly,-use3,s^d or co^ll'fvs ^ho filter mfidiut^i v ''f i^,4na this ty^x^ •, ,X v; .^r*. 



I 




^' .■ /;•:.■>'. .!/// 



I I. 



Wiiiiw. f ^'^^^^'s'r "w™"'<n^^ 2. i;. jftejsii^ ;,f ,h,. solids 

.«.lUxv.t,;ai;.pe K m-^Vof the fitter mediWPwhtfn this seclibn l„. 



••^^ ; -; I^i^^^surq filters aro moro widely uh(mI in industry than ar^ Kravilv unit s 
: ,<^^,ih.rcan IMallccJ.in piping systems under pressure ' ""'^^ 



-I »■ 
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pressure Filter \ , 

Fig. . 3 . ' . -v.* 



A pressure filter is shown in Fig, 3. The shfell.is of steel and't^tajins 
.i\ l)C(i of anthracite Which is.supportod on*a strainer plate. The water to be filtered 
is pUrnj^ed urMor pressure through the iiltet/ entering at the toj) and passing down 
through the filter bed and through stainl^jss steej strainers to the outlet at the - 
bottom. * i ■ . / , . - 

During the^ackwashing. period, a rotary surface washer may be used to 
loosen material fi'om the surface of the bed/ 

I'or removal ot very fine particles^ (less than 1 'micron), preeoat pressure 
lillers are used*. Theser filters use a porous septum such as wire screen 'or "cloth 
in (hc'form of leaves or in the form of tubes. These tubes or leaves are* coated 
with a liller cake of cellulose. powd'cr or, if silica can be tolerated, the filter cake 
ccjii.sistS Qji cliatoniaceous earth. 

When th<3 preeoat filter becotnes dirty, us evidenced^ by high back pressure, 
the filter cake and the particles imbedded in the filter calje must be removed from 
the filt<3r plenaents. With tHe lefif type the filter cake is peeled off manually Vhile 
the tubular type is backwash^d. A .newprecoat of filter cake is then added in the 
form of a slurry and the filter Is returned to service, ^ » ' , 

/The preeoat filter does not require coagulants with their att!cfnda|nt pH control.. 

■'■ ■ " : V^';. ''■ - '(PeIi -2-12-5), ' 



^ ■ ■/ • . - .• ■■ ■ '■ ■ ■■• .. 

H. Li ing-Soda Softonors ■■' > * ^ 

Liii4o-so(la sottoning involves the roinoval l-rom the I'aler^ol tlu-'scnU* v 
forniJ^ng (li^$solve(i solids such as calcium and nia^^noHiuin salts/ Calciwm hydr- 
oxide \\iuw.) and sodium carboilate. (soda) are uspd to eause^the se:rle fo'nuin}; 
materials toj)r(;cij^italc and coagulant is used to-aid innhe scttlinK outv)! (he. 
precipitated 'miiterluL ' . - . ■ 

Xho Hmu, C'a (Olj)^^, is use^l to remove the bicarbonates of'iuaj^nesium 
and calcium by converting; them to insoluble carbonates which preei|)itate. The 
lollowfng eheniical reactions illustrate this, " 

I. Calcium Calcium ^ Calcium Water 
bicarbonate ' ^ hydroxide carbonate , 

C\i (HC().})^ ' C'a (OH)., -^-^ 2 C:i CO ■ '2II.,0 

.■■♦>■• ^ ' - 

2. MagncVsium ^ ("alc'iuin Maj^nesiuni . Calciuiu W ater 

bicarbonate ' li'yclro.Ki'de hydroxide ' earl)onate 

•Mf- (HCO ) > 2 Ca (OH) . . - > Mr (OH)., > 2 Ca CO., . . 2 H O 

C)tl\er scale forming compounds such ix^^ magnesiu^m sulphate M^jf 5() 
magnesium chlori^de MfTCl,^ , calcium sulphate Cj^ SO^ , and ealciu4ii chloride^ 
(-a Cl,^ are ajso removed by the.lime-soorfi process by reacting with the cajeium ( 
hydroxide* or the podium carbonate as shown below, o . . 

:i. Magnesium Calcium Magne.siuin • Calcium 



.sulphate hych'oxide \j . hydroxide^ * s.ulphate 



Mg Sp ^ Ca (OH) . — ^ Mg (OIlL ^ Ca SO^ ' 

In litKrJibove reaction the Mg (^^'O^ is insoluble and will precipitate but 

Hie Ca vSO is Holul)le and nniH,t react w ith sodiuhv earboi'iate to form insoluble 
-I- . .} \ * 

ealeiuiii earlionate as follows. • .' 

4. Calcium ^ Sodilini . ' ^ CakH^ini^^^^ iSodium 

sulphate' ' Carbonate carbonate sulphate 

. ^ * ;■' - ■ ■ . . ■- 

; ; . ; < 

The Na^ J^C^ formed above is extremely soluble and will not'form scale 

in /the boiler. ^ n . ^ . " 

/ ♦ * ■ . . « . • J . 



J), Maj^iiesium 
chloride 



^ Calcium 
* hydroxide. 

» Ca (OH)^ 



Magnesium 
hydroxide 



CaleiJni 
chloride 



2 



In the alxove reaction thc^ Ci\ C\^^ is soIubhV and must be treated with 
soclium xuirbonatc to form insoluble cafcium carbonate" which will tM'ecipitate, 



'(), Calcium 
chloride 



Ca Cl,^ 



Sodi^um 
carbonate 



Calciuni 
carbonate 



Ca CO 



'So(Hum 
chloride 

2 Na CI 



4 

The Na CI formed abovc^s extremely soluble and will not fornfsciilc in 
/the boiler. / 



VCAl 

1 



IiMuldition to the roniovnl of the cnloiulii ;iiul ni;i<:;iiosiiini scale forming 
(•oinpounds, the Ijpio-^soda process will also rediico (lie silica content of the 
uAler. This IS because the silica will react with th(!**i\^|cT (QH) to form an in- 
soluble complex silicoh-niagncsiuni coTnpoumr. To facilitate Eliis reaction, 
additional magnesium oxide is usually supplied to softener together with the Time 
and soda. 

. '■. * ■ 

* * 

Limc-sodn s^^)fteners may b(> of fojir (liff(>rcnt basic types: intermittent 
cold process; continuous sedimentation cold process; continuous, sludge contact 
cold process; aiid continuous hot process. .. 



Interiuittcnt cold process softeners are used for small [)Uints and use two 
• l:mUs with one tank supplying soft water while the other tank is being cleaned, re 
Till(>(l and put1)ack ijito service. This systeiii has a low initial cost biU has the 
disadvantage of a long sedimentation period and the need for considerable manual 
o|)eration and attendance. ' . . r 

■■ . 

The continuo us sedimentation c old pro.cvss softener 'is niyeh like a coagu- 
lation and sedimentation basin wjicrc llu> i-aw water is continuously mixed with 
lime, soda amU'ongmlant in a small chaiivbcr of (he basin". TlVc mixture then 
flows to a floeculator section and then to a sedimentation section where the sludge 
is deposited over a four hour period imd the water then tirawn off. It has the 
advantages of low maintenance and operating costs imd the disadvantages of high 
eonstniiction cost and large spajce req^^irements. . ^ • 
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The continuous sludge contact cpid process softener use3 alreactor such 
as that shown in Fig, 1, The raw water is* mixed with prcviovisly |irocipitatech— » 
.sludge as wpll [Oi the treatment cl)pmicals. The^caicium luid magnAsiuni are 
precipitated and deposit in the sludge bed and the effluent is filterea as it passes 
through the bed. » ; ' v ^ 

' » The continuous hot process is the lime-§oda softenejMnost oflten used for 
• boiler feedwater."^ The process is designed to operate at lao^C or allove using 
live or^ exhaust sti^am as a heat sourca. Chemicals are fed into the .4ofter|cr in 
proportion to the arriount of raw water entering. The raw water is heated by 
'steam as it enters and the' higher temperatures of thi^ process make chemical ^ 
reactions alm(»t instantaneous and Jsedi mentation^ occurs rapidly. 



Blowdown is used ta remove the precipitated material ami tlie soft \v;ater 
heaving is passed through h pre.^^ure filter for final clarification, The process^ 
thus coinl)ines cakiumMiid *magi^esium salts remoy^al, sijica removali doaeraijtion 
and filtration, * \ ' 

Kig, 4 illustrate! the arrangement^of a hot process lime-soda softener « 
with filters, ' • • 
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In Fi^, 1 Iho raw watygr, chemicals, anrl stcajft all enter nea'r the to|> of 
thi> sofkjner. The sludge which forms at thc^^ttom is recirculateil by. means of 
a pump' to the top of the tank. This rcc4r^lation aids in the^ormat'ionW the pre- 
cipitates and ad^ls to the economy of the opcratior^ 

The water Icjj^vingatiesofteilJ pasf*es through pressure filters for final 
clarification. A backwash pumpis provided by means otvhich the filters Jfixy be 
backwashed using water from the softener which is subsccjuently recovered by 
returning it to the softftlier. ^ . ' 

Because the water is heated to 100"C or above in the hot process, deaer- 
ation is achieved with dissolved gases and some steam passing off from the water. 
The steiuipis condensed in the vent condenser section while the gases, usually 
oxygen ;md ca|j^t)n liioxide, -escape' through the vent. * , 

Althougl\ the UM. process lime-soda softener is m\ich more efficient than 
the cold process type, it can only rpdu'ce hardness to approximately 10 to 'M) ppm. 
It I'urtlier reduction j)f hardness is i-c>(|uired then some other form of softening 
must l)e used in adiiition to the lime-soda proccsV;. 

Kor exam[)le, the hot lime-soda process may be followed by a hot phos- , 
plintc> process or l)y an ion exchange process. Of the latter two methods, the ion 
exchange has the iiiost advantages, and is more commonly useil than the hot phosphate, 

H(»t Lime-Hot Phos phate * ' 

i 

By usin^; a hoi phosphate soflcMier in eonjunclion u ith a ho! lime soltrner, 
water of elosc^ to zero hardness .can i)e proiluced. , 

» 

The cliemieals used in the hot phos[)hate proeess are sodium hydroxide, 
• Na on, and tcisodium "phosphate. Tlie calcium har(ln(;ss is precipitated as tri- 
(^•aleium phosphate wliich is even moi^c insoluble than the calcium carl)()nate |)re- 
eipitat(>(l in tht> lime-soda process.' The hiagnesium hardness is precipitated as 
magnesium hydroxide. Tlie softening rea^ctions are as follovys: 



{\M]eiuiu / Sodiiuu ^ ^ Sodium Water 

bicarlmnatc hydroxide earbonate • * Carbonate § , 

Ca (IIC() » . (i Na on ^ \i Ca CO » M Na (^O » (5 H () 



0 

( I >K 1-2-12-9) 
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2. Calcium 
^ carbonate 



Ca CO 



TviscVliuni 
phospluito 



I ii Na., IH), ^ ^ 



M-i Mv'ifrnosiuni ^ Sndt^uiu 
bicjirbonato hycb-oxidc 

Mg (IftJO ) • I 4 Na Oil 

Trisodiuin 
phoaphato 

Sodium 
^ hvfliv)xidr» 



Triculcium . Sodium' 
phosphate ^ carbonate 

Maf^nesium 



1. Calcium 
sulphate 



3 Ca SO 



4 



chloricic 
0 



V Mf; Cl,^ i 2 Oil 



Sodium 
carbonate 



W'alor 



hydroxide 



Tricalciu m 



So(liun\ 
sulphate 



phosphate 



Magnesium 
hydroxide 

Mg (Of!)., 



Sodium ' 
chloride 

2 N^tH4j^ 



. As with the linic-soda process, the hot phosphate process jtvill remove 

silica from the water by means of the Mg (Oil), 

2 

Hot Lime - Mot Ion Kxchant^e , 

Instead of using a hot phosphate process after a hot lixiu- softener, an ion 
exchanger can be used after the hot lime softener giving more complete hardness 
removal and less carbon dioxide content of steam produced in the boiler. 

In this_^ arrangement only lime irt used in the hot process unit in-jtead of 
using both lime and. soda. The hardness normally removed by the soda is re- 
moved by the ion exchanger. Hy not using the soda the alkalinity of the effluent 
is reduced. 

rij;, '5 shows an arranKcnuMit ol n hot linie-hot ion (\\elianf;e sol'lcMiyr, 

The.cht^mical reactions taking |)hiee in an ion exchanger will be doscril)od 
in the next seetions, 



(l>KN2-12-l()) 
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Hot Linio - Hot Ion Kxchango 



1. Sodium Ion Kxchanj^cr 

*Vhc sodium ion ox(diMn^;or, usuaMy cnUc^d tlu» sodium /oolite* sol't(»n(M\ uses 
th(* priiUMpli* of ion oxchan^;!* to c^onviu'l svaIv lormiit^; (^ompound.s in llu» \v:!t(M' to 
n()n~s(*al(* rorminf, (Compounds, Tlu* soIUmum' contains a f;ranular mal(n'ial caHtuI 
/cM)lito wAiich has the ahilily to (^onvtu't srah* lorminf; calcium and ma^;ncsium com- 
pounds to non-scalo forminf; sodium c^ompounds. This conv(*rsion is don(» hy moans 
ol ion (^x(!hJ»n{^o. Thx', /,colll(* rcnujvcvs the Ca ancj cations f rom I ho water and 
i'(»plMc(\s Hu*4n with Na cations. /The C:\ and M^; cations are held l)y the /(^ofile 
which has thriven up Na eati6ns in exchanfjie lor them, * 

When the /.eolite nuiterial has,(;iven up all its Na cations, it has to l)e re- 
j'cn(M\at(wl hc^lore it can r(\suivu*the softening', prf)C(*ss. The r(»^i;en(M"ation^s don(» 
l)V r(Mno\'in>; the /.(M)lit(* soltcMiM' f rom ^c»rvic(* and liHinn i\ w ilh a sohilion ol hrine 
(Na C\). The /eolite then ahsorhs th(* Na cations from tlu* hrine and discards the* 
C'a and M|{*eations to the l)rlne. The brines now (rontaininK the C'y and Mg (\ations 
is then flushed to sewer and the /.oolite bed rinsed out with water and the softener 
is tlion roturtiod to servico. _ 
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An arrangement of an Jon exchunKo unit appears in Fig, (5^ 




unit ^ 



I 



[xihonge 
mot^nol 

Backwash 
outk^t 



Backwash inlet 



OuttiJt 



h waste 



Woil) water collector 



I, 



4 1 



Pressure water 



£je<;tor 





Support mg hed 



Regenerant 
tank 



'i 



Ion Kxchaiigg Arrangement 



llV(lro{j;en Ion Kxchanger> 



In tho sodium cation oxchani^o softener, (?xpluincul in the previous section, 
the .^alts of calcium aiid magnesium were rcplacetl with salts of sodium. While 
tins method does get rid of the scale-forming calcium nnd nlagnesium, it does 
not reduce the total amount of salts dissolved in the water as the sodium salts 
take the place of the calcium and magnesium salts. One of these sodium salts, 
sodium bicarbonate, will decompose in the boiler into sodium carbonate, sodium 
hydroxide and carbon dioxide. The sodium hydroxide may cause embrittlement 
of ihr boiler nu^tal ai\(l the carbon (Uoxide will be carried over with the st(Mm and 
form i\arl)onic acid inithe return lines i^vhich resultJ; in corrosion. Sodium bi- 
carbonate will alrto l(Mid to (^uise the water in the boiler to foam, 

^ If.instead of a^so.lium zeolite softcMier, a hydrogen zeolite softener is ufted, 

then the scale forming salts will bo removed vnthout the formation of sodium bi- 
crvrbonate. Hydrogen /.oolite has the ability to Remove calcium, magnesium and 
sodium cations from the mineral salts tind replace them with hydrogen ions. As 
a result the mineral salts are converted to acids/ These acids are subsequently 
neutrali/.ed by the use of ah alkali or base such as caustic soda Na OH, or in some 
cases the acid-containing water from the hydrogen zeolite softener is mixed with 
the water from a sodium zeolite softener and this will also result in the neutral- 
ization of the acids, * 

(PKI-2-12-12) . ' * 
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^ RctJfeneration of the hydrogen zeolite is acppmplished hy the Uvse of an acid 
{solution whiych restores hydrog^^n ions to the /oolite and removes tljte calcium,, 
magnosipm and sodium cations from the zeolite. 



follows 



The chemical reactions t^ldng placd*in the hydrogen exchanger are as 



1, Calc 



bica rbonate 



Ca ( 



above. 



iu«m 



Hydrogen 
zeolite 



. Calcium ^ Carbonic 
..^zeolite acid 



Ci\ z ^ 2 n CO 



he reactions for. nwnesium and sodium bicarbonates are the same as the 



2. Calcium 
sulphate 



Ca i>0 



Hydrogen 
zeolite 



\ H Z 

9 • 



Calcium • » bulphuric 
zeolite acid 



Ca Z 



A - 4 



The reactions for sodium and. magnesium sulphate are the same, as the 



above. 



3, Calcium 
chloride 



Hydrogen 
zeolite: 



Calcium v ^ Hydrochloric 
zeolite acid 



(^a CI 



2 



0 



Ca 'Z f 2 H CI 



TKe reactions for sodium and magnesium chloride are the same as above. 



A\ Calcium'' . ' Hyclrogen 
HitratC:;;. !/ zeolite. 



Calcium ' Nitric 
zeolite . acid, 



When the hydrogen zeolite becomes exhausted it is backwashed and re- 
generated with acid, usually sulphuric, Jind the foUowlnR equation represents the 
reaelion: . . 

» .to 

Calcium Sulphuric ^ Hydrogen ^ Calcium 

/,eolite acid ^ zeolite sulphate * 

Ca Z > H St), ^ 11.// ^ Ca SO^ 

> Tho reacfiorrs involvin'f^ Mg Z and Na,^/*/ are similar to the above. 

As indicated in equations 1 to 4 inclusive, the effluent from The zeolite 
exchanger contains various acids. A degasifier can be used to. remove the car- 
bonic acid from'the effluent but the other acids, sulphuric, hydr'ochloric and 
nitric eannot be removed ijj this way and must be neutralized, 

Neut^ali/atian of the acid effluent may, be accomplished by operatiiig a 
sothum zeolite unit in parallel with the hydrogen zeolite unit sp as to obtain the 
desired in the mixed effluent. j 4 

Neutralization may also be accomplished by adding caijstic soda or soda 
ash to the effluent. • ! 

A third method of nc^utralization involves the addition oi^raw unso.ftencd 
wat(n' to the hydrogen zeolite effluent. This method is possible if the raw water 
is of low total harchjess and has high alkalinity, ' . 

The noutralizatioa of the acid effluent by mear% of caustic soda is repre- 
sented by the following equation. 

Sulphgrie ^ Caustic ^ Sqdium ^ Watei' 

acid so(hi sulphate 

II SO » 2 Na oil -Na SO ^ ^ , 



(i^ Demlneralization 



I , Alii- iidvantag*«of tho hydrogen zeolite proeoss over the sodium /.oolilo pro- 
* . crCBrf; Is that tho hydrogen zeolite removed the sodium bicarbonate and thus r\e- 
' solids content of the water. The acids in the effluent frt)m 

•4>: ' l>' o^ ieolite unit, such »s sulphuric and hydrochloric, were then nou'tral- 

r" iiricd; HoWevor^^heti these acids were noutrali/ied, tho anions of these acids, 



such as SO^ and CI, ctSmbtned with %! "sodium from the neutralizing base NaOIl 
and formed sodium sulp'hate and socHum chloride. While these sodium salts do 
not tend to form scale, they may cause fgamiitR in the boiler ajid rciiuirc excess- 
ive i)low(lown*. In addition to this tiisadvantage, the hyd'rogpn zeplite unit will not 
reiiiove any sijiiea present in the water, ^ 




It it is desired to remove all the! mineral salts from the water, a process, 
known as demini3rali7>ation or deioni/.atioo is used. This involves %sing a hydi*b- 
gon /oolite cation exchanger to remo\;'e the sodium, magnesium lind calcium , 
gations and then using an anion exchanger to reniove the sulphate, chloridcyand.' • 
silic^i ahionjs. In addition, a depsificr is'usod to remove any carbon dipxide : '. 
present. The effluent from the cit^minerali-/.ing process is. water that,' is tree from 
all mineral impuVities and is equal in quality to distilled -water.- .' , 

I • ' ■ 

■',.■•"*■' 

■• , V / 

The hydrogen zeolite cation qxehanger has already been (iesqr^^^od''>in the 
previous section, , ' ' ; , . / * 

" riiu anion exchanger contains a hydroxide resin material which. has theV': ^ 
ability to remove the anions of the acids contained in the effluent from the. caiioh* 
exch.'ing^r. This anion exchimge materiiU is regenerated with'so^liimv hyroxidcs . 
when it'becomes exhausted/ , A Y . ^.'"^-7 



■ / ■ ' 



The anion exchanger hydroxide resin can be representee! by the formula 
K ( )2 '^^1 the chemical reactions of this resin with the^acid effluent from the 
cation exchanger are as follows:* . » '. 



f). Sulphuric ^ Kesin 
, acid ♦ 



t H (C)Ii)„ 



Kesin 
sulphate 

E SO J 



Water 



• ^ 'Z il. O 



(), Hydrochloric Resin 



acid 

2 Il Cl 

'7. Nitric 
acid 



' K (Oil)., 



Kesin 



Kesin 
chloride 



K CI. 



Kesin ^ 
nitrate ^ 



VVater 



2»il O 

2 



Water 



2 II NO t. 



(OH) 



E(NO^).^»„ 2 11^0 



(PKl- 
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If the raw watcp entering the cation exchanger eontains silica then the 
effluent will contain vsilieic acid Nvhich is renDoved in the anion exchanger as 



4 ' ;v".. 



:K\ Sill<^lc ^ Hp^in-.:;-' '-^'^ ■ ■/ • - ■ . . ^c^sm • ■ ^. ■ Water 
•''..'acid ' /■ •• ^ ..:/': 0^:^':^^^ . v/-/. y .; /HiUc^iite. * . 



• When the anion exohange restn i^^^cx^)auste(l^^ r.egeilerrtVe^ with ea<j|ptic" 
socU\ a^i- fpllows; . ^ /, . si ; • , \ ' ■ ■ 

/^csin . .Caustic * / liesin . Sodium ' , ) » 

• / sulp;hat<:) soda ■ v: V V V , sulpha^^^^ ' , 

'..■*•.••• -'^ ■■ .-^/'^ \ '/'U''' '''^ 'f'''. '■: 

:,;K:iSX), \ ' • 2 Na (Jlh:'- ' Iv (Oil) » ^ v'Na SO "'^^ * . " 

' - ' '^^^^^^^^^ " Sin^ihir equa^tions are involveci in the reaction of caustic soda with resin - 
chloride, revsin nitrate and resin silicate, ./*;/ ' ; ^. . *' . 

Various arrangeinLMits may he uscni tor^iieniincraU/.ing etiuipmcnt and-.thc\S(» 
include the two^-hed system, /the nuxe(l--bed,,vSystem, arid thj* continuous ion exchange 

^^^systeni. .-; " " , ^-z ■-.^/'^ — \ / ; • 

' . ; ' .. ■ . ■ ■ ■ '. . ; •'.:•-;'">-/. • 

. 'i'h(!f -two-l)cd .systenj has cation and anion exchange riiateriali^ in s(i|)arate 
uiirts, usually a hydrogen cation exchanger followed by an anion t^xehivrfg^r ofteii / 
/ \\itii a,degasifier betweeii theni. ^ ^ ^ , i/ - ^ " - - ' ^ ' ^ " 

. ■ '-v^,--''^' ' ■ \ " . I--'. . " ^' ■' ■■ ^ r . . • ■ . . 

'Phc, mixed--f)e(K vSyvSlcm features the cation anci anion re>sins:(*ontalhe(i in\ ' 
the 'saihe tank or shell. When in operation the'cationi and anion resins are. mixed 
together intlmiitely. Before, regeneration , the unit is bacUvvaslu^d to clean the • 
beds and to S(*parate:the rrsiiis. During llu^ washing the lighter anion resin rises 
; to the top .whih* (he heav'icu' cation- Vesin settles to' the bottom. . The cation r(\sin 
iS 'tluMi rcg(M,uM\Mted with aciti Avlhch 4s^^^ at the bottom of the unit and' 

disehargedT from the unit at the ^interl)ice of the^resi'ns. The anion resin is re-' 
, generatc(i WUh. a' eaustic^^solutioh ;broUght' in at the top and disOhar|*;ed at tlie resin* 
interface. The unit is/thc'n rinsed ami partly drained and the two rbsihs are then 
mixed by meaffe of;air stream forced through. thp bcjd. The .unit is^theu. filled.;ind' 
rinsed again before its retMbri 19. service; . V ■ ' 



:■ ■■■ui i'' 
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l^'MS^ ^ illustrates the regenorritton steps, 
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5 Rinse 



6 Droin 
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7 Aif n)U 8' RcfiH 9 Rinse , 

Mixed Bed Regeneration 

^ Thv continuous ibn exchange systoni is Usually arranged in mixed-bed 

form although separate beds may also be used. The system provides continuous 
ion exchange because the total amount oi resin is not allowed to beeoYne e?chauste(b 
Instead, the portion of thy resin located at the raw water inlet will become ex- 
hausted first/ and is witluU^awn from the unit, At'the same time, fresh regen- 
crat(Ml resin is introduced at the other end of, the bod.. The withdrawn exhausted 
resin is regenerated in a separate vessel and then returned to service as rc(iuir'ed. 

l''if>, H shows a continuous ion exchange, mixed-l)ed deminerali/.er. 

■ * 

lleferring to Fig. 8, when a predetermined volume of water has passed 
through the nnxed-bed tank, the tank is briefly (1^0 - 90 seconds) rcrnoved from 
service for resin removal. During this time, exhausted resin is removed from 
the bottom of the unit and an equal amount of freshly regenerated resin is admitted 
at the top. ' 
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"• . . - ■ ■ ■ ' ' . ' * • < ■ ' . ' ' ■• i . . ' 1 • I 

.'t . ■ ■. .. ' ' 

The exhausted resin then erifers the reparation coIUnfn where the lightiir 
anion resin riJ^es to the top and tha (Viore dense eation resi>^ settles to thb bottom, 
Thi* two Tcvsins then enter, .their respective (lesorptton lo\V^*rs where they undergc.):; 
rejconeration and rinsing. The regcner^alod resins then travel, to their respeetiyb* 
"motcn-fng hoppers 'located* above the mixing hopper of the mixed-bed, adsbrption, 
tank, ^'.y- r ■ . ^ ' ' ' ^ ■' 
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Mixed-Hed Continuous Ion Kxchange 

I'ia: H # 



The clainied advantages of the continuous ion mixed bed system compared 
to the conventional fixed-^two-bed systetn where regeneration of the resin is 
earri(»d out in place are: lowei* initial and. installed cost, low(»r operatinf; (^osl 
(kie to lugh chemical eftieiency, less s[)aec l eciuired, operation is fully automatic, 
and maint(»nanr(?(* re((uii'ements arc low. 

There is, however, another type of conli^uious ion exchange system which- 
does use. (conventional fixtul beds, This^arrangement -recjuires three identical ion 
^ exchange units which are operkted in seciuenee. Unit A is in service, Unit H on 
standby and Unit C is being regenerated. When Unit A is almost exhausted,- its 
effluent is then directed to Unit |i, thp standby unit. Wlien Unit A is completely 
exhaust(Mi, its regeni^ration is b(3gun a,nd Unit C, which is now completely rcgen- 
f orated is on standby, while Unit B is in service. 
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7, Uevorse Osmosis 



When two s,()lutions, one tlilute ami cmo conoentrateci, are s^eparated by a 
senii'-permcable nicmbr:\no, the solvent (water) from th^ clilute solution will 
diffuse thTouf^h.tlic mernbraile into the CQn<)Qntratcd solution* Thi s phenomenon 
is known as osmosis. ■/ : '. * . 

. If, however, under the aboyt* eonclitioiis pressure is app^ecl to the eoneen- 
tratqd solution, the^solvcnt (water) will diffuse through the membrane Jhto the , 
dilute solution and this phenonvenon'is known, as reverse osmosis , ' 

The reverse pgmosis principle can be applied, for water trcratmeht be- . 
cause, as the writer diffvises . through the mc^nibrane, the impurities ineluding the 
dissolved s(jlids contained, by the water are left^behind arid the diffused water is 
therefore of high purity- . 



The prinQipl(^^ c>f os^^^^^^ and reverse osmosis are shown in Fig. 9, 
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Cor)c*?ntrined 




Concentrated 



■ r Osmosis and Reverse Osmosis ; , ' . 

«>'The actual reverse osmosis \vater, treatment plant is made up of a nupiber 
of membrane modules through which the water passes in parallel; The modules 
are usually in the form of tubes lined with the 'membrane and Kig. 10 shows a 
module having a tubular membrane wopnd''onto a support spool in a. multiple layer 
helical coil. ^ , ! ^ , ' ^ ■ , - • 



. . - 20' 



In Fig. 10 the raw water is forced undjer pressures-through the helical coll. 
The water (permeate) djif fuses through th^ tube wall and, is c611ecbDd at the bottom 
of the modul(^ while the dissolved solids and other iitipurities leave the end of the 
coil as a concentrate^V . V ^ ' 
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(Permutit Sybron Corporation) 
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Fig/ 11 is a schematic diagram of a typical reverse osmosis system; 
The raw water entering may be pretreated by filtv^ttion, ^Jfcculation, etc. , and 
then is pumped through the membrane modules or permemors. Pressures from 
4000 to 10 000 kRa are.usuaJrly required to push the water through the membriuie. 
1'he water leaving; t^he permeators will be largely f]hee of dissolved solids and 
other impurities. Any smAll amounts of these impurities remaining in the water 
can he removed by further treatment in an ion exchange deminerali/.er . 
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8. Kvaporation 



Boilers or steam generators which operate at high pressures and'temper* 
atures. require make-up water that is free from any Impurities. This pure water 
may be obtained through the use of demineralizers to remove the dissolved 
solids and deaerators to remove the dissolved gases. Another method which is 
commonly employed in central stations is to use evaporators instead of demin- 
eralizers to obtain water fjree from dissolvQ<fl solids and then to use deaerators 
to remove the dissolved gajses. . , 

J 

IlKome cases both methods may be us^ed wfth a deniineralizer being used 
to polish ''the distilled water obtained by evaporation. 

Tl^e process which takes place in the evaporator is simply the boiling of 
the water. The steam or vapor produced from this boiting will be free from 
solids iind when subsequently condensed will form solids -free (distilled) water. 
Any dissolved gases present in the water ^ however, will pass off with the vapor 
produced in the evaporator and consequently the distilled water must be deaerated 
before going to the boiler. TheMmpurities left behind in the evaporator mil form 
scale and therefore the water fed to the evaporator is usually softened in order 
to reduce the .amount of scale formecf. 

In spite of water softening .treatment prior to evaporation, scaling of the 
waterside heatinf; surfaces occur^ in many cases. This may be caused by small 
(|uantities of calcium and magnesium ^alts which pass through the softening phint. 
This sciily may be cracked off the tubes in some instances by shutting down the 
evaporator and qilickly filling it with cold water. However, if the .scale is a liard 
tenacious typ^ such as a silicate, it will probably be necessary to resort IB acid 
cleaning to remove it. ' • 

The ^ri^j^s parts of an evaporator are shown .in Fig. 12. . . 

In a central generating station the evaporator is installed as part oP the 
regenerative cycle. The coil steam for the evaporator is bled from some stage 
of the turbine and the vapor produced by the evaporator is condensed in a low 
presrsure feedwater heater^. ' ^ 
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Evaporator 

* 

Mechunieal Doaeration ' 

The principle; cause of corrosion in boilers is dissolved oxygen in the • 
water, Another cause is dissolved carbon dioxide Ih the water although it is 
estimated that carbon dioxide is only one^fth to one tenth gs corrosive as dis- 
solved oxygen. If both these gases are present in the water simultaneously then 
they are much more corro£|lve than if tjhQy existed separately. Another undesirable 
gas is ammonia which will pass over with the steam from the boiler and attack 
copper and copper alloys such as contained in Valves and condenser tubes. 

# * ■ , ■ ■ ■ 
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The term mechanical deaeratlon refers to the ren\oval from the waiter of 
dissolved gases, such as oxygen, carbon dioxide jind ammonia, by raising ' 
temperature of the water to the boiling point and allowing the gases thus released 
to be vented to the atmosphere. The process is assiated by scrubbing the water 
with a flow of steiim in order to sweep away the released gases from the \y{iter. 

Deaeration principles show that gas removal from water depends upon 
three factors: whether the gas ionizes in the water or is dissolved as a free gas; 
the relative pressures of the gas in the water and in the atmosphere; and the 
-water temperature. 

r 

Oxygen does not ionize in the water, but exists as a free dissolved gas. 
Carbon dioxide and ammonia, however do ionize in the water, with only a portion 
of their total content remaining in lh(? frfee form. 

Only the gases in the free form can exert pressure in the w^ter, so 6nly 
that portion of the. gases present in the free form can be removed by mechanical 
deaeration. Therefore, oxygen can be reduced to vSry low concpntrations in a 
deaerator, while carbon dioxide and ammonia can be removed only to the extent 
that they are present in the free form/ ' . 

The temperature of the water greatly affects the solubility of gages as at 
the saturation temperature all free gases are theoretically insoluble. Thus 
raising the water to the boiling point at any specific pressure will drive off the. 
gases, / " 

Thgj construction of a deaerator usually involves four sections; a section 
where the water is heated to the boiling point, a section where the released gases 
are scrubbed from the water, a section for the storage of* the deaeratcnr water jmd 
a section for condensing any steam that is being carried tfe the vent with the re- 
leased gases. ^ ' 

♦ 

Deaorators^are classed as spray type or tray typo. * , 

In the spray typo the entering water passes through spray valves and is 
therefore in a finely divided state. It is then heated by coming in contact with 
steam in. the heifting section. The water then passes to the scrubber, section 
where it is scrubbed by the entering steam and the gaS'es released by the heating 
are removed. 'Ilie derterated water then passes to the storage section and the 
steam flows from the scrubbing section to the heating section where it heats the 
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incoming water spray and where most of it condenses. The gases released in the 
scrubbing section flow to the vent condensing section where any steam present ig 
condensed and the gase^ are dooled to some extent. The gases then pass out 
through the vent. 

In the tray type deaerator the process is much the same except that the 
water t 'instead of passing through spray nozzles, is broken up by trickling down ^ 
over a series of trays. The entering steam scrubs the water in the lower tray 
section and^hedts the water in the upper tray section. The released gases and 
some steam pass to the vent condensing section where the steam is condensed 
and the gases pass to the atmosphere through the vent opening, 

* 

Condenser deaeration is another method which is sometimes used in large 
thermal generating plants. Surface condensers equipped with deaerating hot wells 
for fcedwater may be used to eliminate the separate deaerator. Wit4i this design " 
the condensate falls into the hot well through a steam atmosphere. The, gases 
'^released are then removed by an air ejector. . . ' 



Internal Methods 




Internal treatment of boiler feedwater refers to the method whereby the 
water is softened, deaerated and conditioned after it has entered the boile^. This 
is accomplished by adding suitable chemicals to the water in the boiler. In some 
cases, as with low pressure boilers, this internal treatment is often the only 
n^ethod used to prevent scale, corrosion and sludge formation. Usually however, 
both internal :md extern;il methotls are used for medium <md liigh pressure boilers. 
For example, a high pressure boiler might require water that has been filtered, 
softened, distilled tmd deaerated by external methods and in addition require in- 
ternal chemical treatment to take care of any small amount of impurities left in 
the water after the external treatment. 

In the following paragraphs, the use of Internal treatment foV control, 
scale i)revontion, sludge conditioning, deaeration, {)revontion of foaming, pre- 
vention of caustic embrittlement and prevention of return line corrosion is 
discussed. ■ . ■ " . 

1. pH Control ■ • . 

The tendency for boiler water to attack boiler metal increases as the pH 
value of the water decreases. This .corrosion can be prevented by increasing the 
boiler water pH by the addition of an alkali arid it has been found that a pH ,valye 
of about 10,5 is high enough to do this. V 
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The use of sodium hydroxide to provide the necessary pH value has the 
longest history of application, In present day practice however, it is the least" 
»f)referred method of establishing correct pH values because of concern about 
caustic erhbrittlement. 

Caustic embrittlemoht is a form of intercrystalline cracking which occurs 
below the water level and in joints or seams into which boiler water may leak and 
become concentrated* It is generally thought that the following four conditions 
are necessary simultanepus^ to develop caustic embrittlement^ ^ 

(a) The boiler water must contain subvstances, particularly 
hydroxides, capable of producing intergranular damage 
when concentrated in contact with stressed steel, 

(b) There must be K joint or scam into or through which 1^ ^ 
leakage bl this boiler water may occur, . 

«. 

(c) The boiler water must concentrate within the joint or 
Seam, 



r 



(d) The steel must be overstressed locally where it is 
r exposed to concentration of chemicals. 

, ^ ' * . ' ^ 

To avoid the negative effects of sodtum hydroxide in regard to caustic 
embrittlement, the boiler water pH can be adjusted by the addition of sodium 
phosphates. These phosphates are normally u|ied in any event fdr the control of 
scale (lefJosits in the boiler and by their use for this purpose the boiler pll is 
uj^ally automatically established. - 

2. Scale Prevention . , 

Boiler scale is caused primarily by the salts of calcium and magnesium, 
i/econdary causes of scale are silica and oil but these latter two are best handled 
by removing them from the boiler feedwater by external methods, 

^'he (jalcium and magnesium salts are proventeci from forming scale on 
the boilet surfaces by precipitating them as a sludge and removing this sludge 
by the boiler blow-off* 

The most common chemicals used for this prQClpitatlon are the sodium 
phosphates which Indlude trlsodium phosphate, disodlum phosphate, sodium meta-- 
phosphate and rrionosodium phosphate* On entry into the boiler all the^phosphates 
are converted to trlsodium phosphate which reacts with th^ ealclum anWrnagneslum 
as follows: 
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1, Calcium 
sulphate 

3CaSO, + 
4 ' 

2, Magnesium^ 
Carbonate 

3 Mg CO^ »- 



Trlsodium 
phosphate 

Trlsodium 

phosphate 

] 

2 Na„ I^O, 
^3 4 



Tricalcium 
phosphate 

Trimagneslum 
phosphate . 



Sodium 
sulphate 



3 Na^ SO^ 
2 4 

Sodium 
carbonate 



r^ S'oclTum hydroxide will also react with magnesium to form the precipitate 

magnesium hyijroxide as follows: ' ^ -t* 



31 Magnesium^ Sodium 
carbonate hydroxide 



Mr c() 



2 Na OH 



Magnesium 
hydroxide 

Mg (OH)^ V 



Sodium 
carbonate 



The magnesium'hydroxide is preferred as a precipitate oyer the magnesiurn 
' phosphate which has a very sticky constituency, ^ - 

Also if sodium hydroxide is present, instead of tricalcium phosphate the . 
precipitate formed in reaction (1) above will be a mixed phosphate and hydroxide' 
precipitate which is preferred because it is*- less sticky than tricalcium phosplnate. 

The sludge that is produced by the precipitating of the scale forming com- 
pounds in the boiler must be 'conditioned so that it will stay fluid and well dispersed. 
In this way the sludge will be.easily removed from the boiler through the blow-off 
connections. The chemicals^ised for this purpose are usually organic compound? 
such as starch, tannin, lignin and alginates. Starch is produced from corn, 
potatoes, etc/, lignin and tai;inin from wood, the alginates from seaweed. These 
organic materials coat the scale precipitates preventing them from adhering to 
the boiler plates and tubes, , ' 

Another niotho.d of scale pi-evention is by the use of chelating agents. 
These are chemicals which have the ability to react chemically with the scale 
forming metal ions of calcium and magnesium and hold them in solution in the 
boiler water thus preventing them from defJositing on the Boilgr surfaces. Since 
precipitation of the scale-forming Ions does not occur, the total dissolved solids 
content of the boiler water increases. Because of'this , an antifoam agent should 
be used in conjunction with the chelating agents in order to reduce the possibility 
of carryover^ ; 
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There are a great maoy chelating agents available but two which are corri- 
monly used are ethylcne'dlamlne tetraaoetic 'acid (EDTA) apd nitrilo triacetic 
acid (NTA) which are both complex organic chemicals. • - 

These chelating agents are relatively costly and some form of external 
SQftening is normally used in order to reduce the amount of chelant required in 
the boiler. . , • ^ • 

Chelants can also be used for removal of existing sludge and scale deposits 
from a boiler without removing the boiler from service. The quantity of deposit 
to be removed must be conlldered and a sufficient amount of chelant fed to the 
system to provide not only complete chelation of the metal ions in the fe^dwater 
Vbut also to provide additional chelant to react with the deposit. Caution must be 
exercised during the cleanup program to avoid l>emoval of old depof^s in chunks 
which could accumulate and restrict circulation. Care must be taken also to 
prevent high concentrations of chelant which could lead to attack of boiler metal. 

As chelating agents are relatively expensive, a careful,, survey should be " 
.made of the feedwater to determine its total hardness. If the hardness of the 
feedwater is consistently greater than 2 ppm the cost of a chelating treatment 
program' may be excessive. If iron oxides are a significant part of the boiler 
deposit, the chelating agents will not be effective as they do not chelate ferric ' 
iron. However, the;y are effective in^ removing calcium and magnesium at the 
pH values and alkalinity normal to boiler operation. 

, '■ *' ^ . ■■■ ' ■ • - 

In comparison to conventional treatment methods, chelants require closer 
control, denaand specific feeding conditions and present potential corrosion haz- 
.arcjs. Their use must be supplemented with antifoam materials, oxygen scavengers 
and a comjJdele condensate corrosion control program. 

Complete oxygen removal is especiall:^ important as oxygen seriously 
hampers the effectiveness of chelation. 

In regard to the use of chelating agents for cleaning boilers in operation 
the requirements' are: an adequate amount or concentration of the agent, positive 
contact.with the deposit to be removed and sufficient time. Caution must be 
exercised as mentioned previously as an attempt to clean too rapidly can free 
largfe particles of deposit which rrtay block tubes, and result in failure. Before 
proceeding with on-the-line cleaning samples of the boiler deposit should be 
obtained and analyzed in order , to ascertain the ^ItmrTequired and the concentration 
of the agent desired. " ' ^ , . . ^ 
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Chelating agents require special feeding conditions as they are quite con o- 
slve to carbon steel in the concentrations normally required. A steiinless steel 
qvilll or nipple should be used at the point where the chelant is Injected into the 
feedwater. The positive displacement chelant pump should also be of stainless 
steel as well as the tubing from the pump to the injection quiU. The chelant ' 
solution tank should be plastic or plastic lined. 



3, Oxypen Scavenging 



Dissolved oxygen enters the boiler system with the makeup water and Wfso 
by means of air infiltration of the condensate system. This dissolved oxygen will 
cause corrosion in the feedwater line, closed heaters, and in the economizer. In 
the boiler a portion of the oxygen will flash and leave with the steam. The remain- 
ing portion will attack the boiler metal usually adjacent to the water level in the , . 
drum. One of the most serious aspects of oxygen corrosion is that it usually occurs 
as pitting with the attack concentrated in a small area of the metal surface re- 
sulting in comparatively deep holes. ^ 



The first and most important step in eliminating dissolved oxygen is 
mechanical deaeration of the boMp^ feedwater. Yidwever, it i^s advisable to 
follow this mechanical deaeratiiWby chemical deaeration or scavenging to remove 
the last traces of dissolved oxygen. * 



Sodium sulphite is the chemical agent most commonly employed for chemi- 
Veal deaeration due to its low cost, ease of handling and its lack of scale forming 
properties. The oxygen scavenging characteristic of sodium sulphite is illust- , 
rated by the folloNying reaction: 



Sodium 
sulphite 



Oxygen 



^odium Sulphate 



2 Na^ SO^ + O, 



2 Na SO,, 
2 4/ 



ITI assure complete oxygen removal, it is necessary to maintain a resid- 
ual concentration of sulphite in the boiler water. The residual required depends 
on a number of factors such as the method of feec) and the point of application, the 
dissolved oxygen concentration and the variation in the/ dissolved oxygen concert- 
tratioi\*of the feedwater. ^ 
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Continuous feed of sodium sulphite is generally requirbd for complete 
oxyKen removal. In the majority of plants, the most suitable point of application 
IS the storage compartment of the deaerating^or open heater. In other plants 
sufficient reaction time will be allowed with application to the suction side of the ' 
boiler feed pump. While intermittent applicatipn is generally not recomfnended, 
It has tieen found in some low pressure systems that adequate protection is pro- 
• vided as- long as the additions of sodium, sulphite are made with sufficient frequency 
tb continuously m;untain the proper residual concentration, in the boiler water. 

J When ieedwater is employed in desuperheating^ it is tlesirable to feed 
sodium sul|)hite alter the poifit from which the feedwater for desuper heating is 
taken so as to avoid adding solids to the water. 

The sodium sulphate produced in the reaction of sodium sulphite with ' ' 
oxygen adds to thcdipsolved solids inlhe boiler water and this is a disadvantage ' 
Also, m very high pressure toilers, .the sodium sulphate, will form sulphur dioxide 
.SO^ and hydrogen sulphide ii^S whiqiH^iss over wifli the stoani and produce return 
line corrosion. ^ ^ 

In the case of high pressure boilers, hydrazine is dften preferred t6 sodium 
sulphite for removing dissolved oxygen. It$ reaction with the dissolved oxygen is 
as follows; . *^ 

Hydrazine + .Oxygen— ^ Water + Nitrogen 

Hydrazine is a strong alkali and must be liandted with Care. As it is 
extremely Hammable in its pure state it is supplied as a dilute solution. When 
removing the solution from its container, the handler should wear protective 
clothing including rubber gloves and goggles. ' 

. U Carryover Prevention 

^ The terms carryover, foaming and priming are closely associated and 

each term is used in describing conditions which result in the entrainment of 
boiler water solids with the steam. 

♦ * , 

Foaming is the condition "resulting from the formation of bubbled on the 
surface of /the boiler water causing entrainment of boiler , water with st.eam. 
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Priming is a more violent and spasmodic action causing slugs of water to 
pass over with the steam. 

Carryover is the term applied to the steady entrainment of a small quantity 
of boiler water solids with the steam. However, it is commonly used to describe 
the general conditioni^ of contaminants carried over with tfie steam,. 

' When boiler water solids are carried over in the steam, deposits will 
oc^ur in non-return and stop valves, superheaters, steam piping and engines or 
turbines. Such deposits can promote failure V^f the superheater tubes and loss in 
engine or turbine efficiency. « — ^ - » 

Foamjng or priming of the boiler water can result in a false water level 
reading- Whl\e the thermal shock resulting from slugs of water entering the steam 
distribution S^o^tem as a re^>*It of priming can "seriously endanger all steam 
driven equipment. . . 

- ■ • . . ■ ■ 

Carryover may.result from mechanical and chemical causes or from a 
combination of the two. Among the mechanical causes ot carryover are bolljpr 
design, high water level, method of firing and load characteristics. Among the 
chemical gauses are high total solids of the boiler water, high suspended solids, 
high alkalinities, oil and improper type of external or internal chemical treatment. 

< ■ • ■ ■ '. ■ ' ■ - 

Of these chemical causes it is generally agreed that suspended solids 
contribute most to producing carryover. 

Oil present In boiler water is highly undesirable from the standpoint of 
carryover. •Saponification of compounding agents by the alkalinity of the boiler 
water will produce a soap, thereby causing a foaming effect. 

Internal boiler water treatment with phosphate control is standard for most 
types of feedwater. However, there is a tendency for the preclpilated, finely 
divided calcium phosphate to stabilize boiler water foam, thus cohtributing to 
carryover of boiler water solids with the steam. This carryover tendency must 
be controlled by increased blow-dov^n to lower suspended solids concentrations or 
py the use of organic agents to contrfcl. this increased foam load. ' 

Alkalinity as a contributing factor, to carryover can also be corrected by 
adjustment or changes in internal and/or external' treatment facilities. If the 
alkalinity is a result of the internal treatment program the us6 of less alkaline ^ 
materials will correct the condition. Should the cause be external, additional 
facilities may be required such as the installation of a hydrogen zeolite unit to 
operate in parallel with a sodium unit thereby reciucing the total alkalinity of the . 
treated water, 

. ■ ■ 
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The prevention of carryover difficulties due to the presence of oil in the 
boiler water is a problem that must be handled entirely external to the boiler 
itself. No method of internal treatment can be relied upon to overcome a carry- 
over problem caused by oil contamination and the only safe policy that can be 
followed is the removal of the oil from the boiler feedwater, 

i 

Anti-foam A^^ents 

Frer|uentl3t the causq of a carryover problem cannot be cepnomieally 
corrected through adjustment in boiler water balances or installation of additiona 
"c^xternar treatmerit facilitiesV In 'many such' instances the use of effective anti- 
foam agents has provided^the dtisired result..^ 

During recent years highly effeetiv(3 organic anti^foam agents have been 
developed, In general the polymerized esters, alcohols and amides are the mcJst 
effective agents yet dcvelo|:)cd. 

These agents have the effect that fewer but' larger steam bubbles are gen- 
erated and these bubbles readily collapse in place on the heating surface without 
leaving that surface and rising through the boiler water. 

In addition to the benefit of high purity steam, the use of anti-f^m agents 
freciuently results in economic benefits due to reduced blow-down requirements, 
as boiler water concentrations can be carried at much higher levels without com- 
l)romising steam purity. . , 

5. Return Line Corrosion 

The |)rincipal causes of return line corrosion are carbon dioxide and oxy- 
gen in solution"in the condensate,. . ^ 

^ . . 

' ' In general, the elimination of oxygen from condensate systems can be \ 
readily ^achieved by mechandcaror chemictd deaeration. . |. 

The chief source of carbon- dioxidp is the bicarbonate and carbonate 
alkalinity of the makeup water to*the boiler s» The bicarbonate and* carbonate 
alkalinity wh^n subjected to boiler temperature undergo thermal decomposition 
and liberate carbon dioxide which becomes entrained with the steam. The other 
possible and usu ally minor sources of carbon dioxide are the free* gaseous car- 
bon dioxide that Js dissolved in most natural waters and the carbon ^oxide which 
forms fr6m decomposition of soda ash thiit may be. used for regulation of boiler 
water alkalinity. • 
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Chemicals that can be used for combatting COo cfjorrosion include ammonia, 



neutralizing amines, and filming amines. 



Ammonia can be fed to the system as ammonium hydroxide or ammonium- 
^ sulphate. At boiler temperatures the ammonia is liberated and passes off with the 
steam from the boiler and thus is able to neutralize the CO . The use of amiYionia 
for this purpose is however, limited due to thcrfact that it is very corrosive tp « 
copper and zinc bearing metals, 
■ < 

Neutralization of CO^ can safely be accomplished by certain volatile 
aminesn^such as cyclfehexylamine, C^H NH and morpholine C H NO. These 
amines when fed to a boilfer volatilize with the steam and combine with the carbon 
dioxide in the condensate to "neutralize its acidity-. Unlike ammonia the amines in 
low concentrations are not corrosive to copper and zind'bearing metals. Control 
of treatment is usually based on feeding sufficient amine to raise the pH of the 
condensate to 7.0. Satisfactory'reduction of carbon dioxide corrosion is oljtained 
with the use Of the neutrali^.ing amines in the absence of oxygen. . , ' ' 

The filming a'^ines function on a completely .different principle from fhe* 
neutralizing amines. The filniing amines do not neutralize carbon dioj^ide. In- 
stead, they function by forming on the metal surfaces contacted an impervious 
non-wettable film that acts as a barrier between the metal and the condensate, 
protecting agatnst both oxygen and carbon dioxide attack. 

'l"he filming amines of value in the prevention of corrosion are the high 
molecular wcighfamines and amine salts having straight carbon chains containing 
10 - IH earbon atoms, 'octadecylamine ^lo^.^^NUo. hexadecylamine C .11 NH , 
and dioctadeeylamirie C^^M^^NH, arc examples of useful materials of this type. 
In plant practice the mosl successful results have been obtained with the dispersed 
octadecylamine. Condensate should be -used in preparing the chemical st'felytion 
which is then fed with a small chemical pump' to the main steam line at a point 
wlK^'re it will be well mixed with the steam. The material is dispersed readily 
with the steam and is carried thnfcugh the steam and conclei^sate lines, forming ' 
a nom^wottable film on the metal surfaces contacted . 

.hqili:h water and stkam sami^ling 

In order to determine the eonditon of the boiler w^ter and the purity of 
the steam from the boiler, proper representative samples of each must be ' 
obtiiined and then submitted to the appropriate test. ^ ' , 
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■ Water Sampling / 

• • To obtain a representative sampie of the water in the boilfer /drum an . 
internal pipe should be used, extending along the length of thp drum/ the pipe ' 
should have one end sealed and should have a number of ifilet holeJ along its 
length, 'having a total area of about 50 per cent of the pipe area. Alternatively 
the sample may be obtained from the continuous blow-down pipe. Any sampling 
pipes located external to the boiler drum ^nust be able to withstand maximum 
boiler pressure. ; 

, • . Samples obtained should ^l^oled to room tomperatur^ in a cooler coil 
which is equipped, with a throttlinjPllve at its outlet.. In this way the sample 
remains undei: full pressure until it has cooled to a point where it will not flash. 
The cooler inlet should be equipped with a shutoff valve. • 

Sample coolers are usually made of two continuous lengths of copper or 
stainless steel tui)ii%, one inside the other. The sample should be brought in at 
the top and leaveiiil ilr^^ibottom and the cooling water should flow counter to the 
sample flow. T%» dbb.Iibg water supply "should be dependable and adequate enoUgh 
to cool the sample to 81^ 

Steam Stimpling . ^ 

/ impurities in, steam arc usually in the form of water droplets or small 
dry partie)i;os. If it is desired to take samples from a pipeline, they should be 
withdrawn from a long vortical run where the particles and droplets arc mixed 
across the'|)ipe area in preference to a horizontal run where the particles and 
droplets tend to concentrate along the bottom of the pipe. Samples may also be 
taken from the steam drum by means of sampling lines installed after the steam, 
separating e(|uiplnent. Stainless steel pipe should be used fou. high temperature 
steam sampling. Steam samples are condensed and cooled in coolers and the 
cooling coil should be arranged so that the condensate can pass continuously 
throu^|i a conductivity cell. There should also be a jjarallel connection for deliv- 
ering t^ie condensed and cooled sample to a sampling flask or to was't.e. 

■ 'I'he cooling coil must be supplied with an adequate and dependable source 
of eti^jlng water as failure of supply could result in overheating and damage to 
coil niiid conductivity cell» ' 
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Sample Testing Precautions 

4 

In order to obtain accurate results the sample testing procedure must be 
carefully carried out. Testing errors may be caused by poor sampling methods, 
contamination Of samples, use of weak or improper reagents, and failure to 
follow testing instructions. • 

wSample containers anci connecting tubing must be thoroughly cleaned and 
rinsed out several times with the water or condensate being collected. The 
stimples should not be exposed unduly to the air Jind should be cooled to 20°C qr 
below during collection otherwise a vacuum will develop in the flask as it cools ' 
which may draw in cofltaminating al^j^ 

Also to avoid contamination, the sampde tubing and flasks should be^com - 
pletely free of air bubbles. « 

The sarnples should be tested in a cool, clean, well ventilated space which 
is equipped with a sink, storage facilities, electrical outlets, proper working 
surfaces, hot and cold rumiing water, and a supply of distilled water. 




' . QUESTION snEi!:T '' 

I POWER ENGINEERING 

V ' t First Class 

■ Sect. 2. Lect. 12 

* 

1, Dlscuds the thre© classes of water impurities and the general 
method used to treat each type, ^ 

2. Sketch and describe a method for removing suspended impurities 
from waiter, 

3^ (a) describe the essential equipment and operation of a hot llme-soda 
• softener. ^ 

(6) List, the eq[jiations for the chemjjcal reactions involved in hot 
* . linie-soda softening. 

4, (a) Explain the cjifferencc between the hot limc-soda and the hot 

lime-hot phosphate processes. ' . 



c 



(b) List the equations for the chemical reactions involved in the 

I 



hot lime-hot phosphate process. * 



5. Describe the principle of ion exchange and describe some type of 
ion exchange softener including the equations for the chemical 
rifeactions involved. . . | 



6. / Explain the meaning of^the term dqmineralization and describe 

briefly how it can be accomplished, 

7. Sketch apd describe a typical reverse osmosis system, 

8. Discuss the principles oj deaeration and describe briefly two 
methods by which it may be accompli sh(Jd7 

Eb(plain what is meant by internal water treatment and explain 
the functions of this type of treatment* 

10. Describe the equipment involved and the operation of the water 
treatment system in the plant in which you are ei^iployed. 
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FEEDWATER — TESTING 



1%. 




Goal: 



The student will be able to 
describe tests on feedwater. 



Perfbrmance Indicators: 



1. Identify common test 
equipment, reagents and i 
indicators. 

2. Describe standard tests of 
water quality* 



INSTRUCTJONAL LEARNING SYSTEMS 





* Read the goal and performance indicators to find what is to be-learned from 
package. 

* Read the vocabulary list to, find new words that will be used in package. 

* Read the introduction and infornuation sheets. 

* Complete thjft job sheet. 

* Complete self-assessment. g 

* Complete post-assessAent . 
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Vocabulary 




* Acidic 

* Alkalinity ^ 
^ Ammonium molybdate 

* Burette 

* Caustic alkalinity 

* Excess phosphate 

* Excess sodium sulphite 

* Hydrogeh ion concentration 

* -Indicator 

* mho "^/^^"^ 

* Phenolphthalein alkalinity 

* pH value 

* Pipette 

* Sequestering agent 

* Soap test 

* Titration 
Total alkalinity 

* Total content of dissolved solids 

* Totai hardness 



\ 
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Introduction 




Feedwater testing requires exacting procedures* Testing is a laboratory 
function that requires clean equipment, careful sampling procedures and exact 
measurement?. 

This package is designed to introduce the apprentice to the purpose and types of 
tests used in maintaining the purity of boiler feedwater. Testing procedures 
should be obtained from test kits, manufacturers or the reference material., 
These specific testing Instructions should be followed closely until experience 
has been acquired. ^ 
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Informatioh 





Test Equipment Needed 

- Sampling bottles 

r Test tubes ' ' . 

- Porcelain dishes 

- Pipettes 

- Burfettes 

- Reagents J 
r Indicators m 

- Elecronic instrujorfents 

Reagents 

A reagent is used to^ produce a chemical reaction in water, 
reagents used in water tests are: 

- , Sulphuric acid N/50 . 

Silver nitrate ■ 
Potassium — iodi^e-iodate solution \ 
Ammonium molybidat^e solution . 
Soap solution 



Some standard 



Indicators 



Indicators are solutions that cause changes in color in a water sample depending 
on the Ph of the samples, l^ost test kits will include the following indicators* 

It. 

- Phenolphthalein ^ 

- Methylorange solution 

- Starch solution . 

- pH indicator solutions \ ' , 

\ 

Types of Tests 

The following teats are normally carried^ut in testijj^g the quality of boiler 
water. 

- Total content of dissolved solids . ' 
Total hardness 

^ - Alkalinity ^ 
^ - Chlorides 

- Excesjg sodium sulphite. . 
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Inforfnation 




- Excess phosphate 

- 'pH value • , ^ 
. Total Content of Dlseolved Solids 

The total content of dissolved solids is usually measured by. the electrical 
conductivity of the liquids. Solids in water offer greater electrical 
conductivity to a current and is measured in mho^s . This term is Ohm s spelled 
backwards since conductivity is the opposite of resistance. Clear water is more 
resistant to the passage of electricity than water with solids. Instruments are 
^ available for measuring conductivity. ^ 

Total Hardness Test , ' 

The tbtal hardness test is a measure of the salts of calcium and magnesium that 
are present in the water. A " soap test" uses a standard soap solution which is 
miflced with the water sample. The amount of soap solution needed to neutralize 
the hardness of the water determines the hardness of the water. The total calcium 
and magnesium content cn also be measured by titration . A sequestering aRent 
is mixed with the water sample in measured amounts. An organic dye will cause a 
change in water color from red to blue. The amount of sequestering agent used 
determines the hardn^ of the water. A formula is used for calculating the 
hardness of the water. 

Alkalinity 

Alkalinity measurements require three types of tests. The operator must 
determine, the levels of bicarbonates, carbonates and hydroxides that are present 
in the water. Water treatments will differ according to the presence of these 
products. The tests are: 

' - Phenol phthalein alkalinity' test for hydroxides and carbonates 

- Total alkalinity for total quantity of all dissolved salts 



- CaustiCv alkalinity for total hyd/oxide quantity 



Chloride ^ • 

This test ia used to determine the rate of blow-down for* a boiler. .Chlorides do 
>not precipitate which makes them a reliable, indicator for calculating blow-down. 



Chlorine in feedwater 
Chlorine in boiler water 



X 100 - % blow down 
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The sample is made slightly acidic by the Addition of mild sulphuric acid. It 
is then titrated with silver nitrate unt^l the color changes. The chlorine 
content can then be calcu^ajjed< 

Excess Sodium Sulphite 

Oxygen causes corrosion inside the boil^er. In order to hold down the oxygen » 
levels, the feedwater must be tested for oxygen content. Sodium sulphite can be 
used to. dissolve the oxygen in the wat^r and convert it to a sulphate form. 
However, excess sodiujii sulphite can / be acid forming and harmful. It is 
desirable to keep the sodium sulphite ibvels at very slightly excess levels so 
that oxygen will be cc^ntrolled and acicji conditions will be avoided. The test 
for excess sodium sulphite involves titrations with potassium ibdide-iodate 
solution on samples th^at have been mixed with a starch solution. 

Phosphate Solution 

Sodium phosphates arte used in boiler^ to precipitate calcium salts into calcium 
phosphates to preventi the formation 6t scale. It is desirable to have an excess 
of sodium phosphat^ in the boile/ water at all times. Potassium nitrate 
crystals are mixed with the /water sample and Chen combined with an' 
ammonium molybdate rc|agent . The / sample is observed for a condition of 
cloudiness. The time required -for the cloudiness condition to occur shows 
whether the boilerwater has anr adiequate reserve of sodium phosphate. Another 
test can be conducted by iakl^g "color comparisons on a Taylor phosphate 
comparator. The comparator uses standardized colors to measure the sample* 




Taylor Phosphate Comparator 
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pH Value ' * 

Acid conditions inside a vboiler enhance corrosion. Whether the feedwater is 
acidic or alkaline is Nmeasured by a term pH. pH aietually means 
hydroRen ion concentration . ) A pH value of 7.0 is neutral. Anything below 7.0 
is acidic and everything grfeater than 7.0 is alkaline. pH can be measured by 
either colorimetric or electronic methods. Colorimetric tests involve adding 
indicator solutions. to samples in test tubes. 




Electronic tests are conducted by a pH meter such as the one shovm below. 




'■1 1. Electrode 
Clip 



o 
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2. Support Rod 

! 

3. Electrode 

Stop 

4. Combination 
Electrode 

5. Glass Electrode 

Terminal 

6. Reference 

Electrode 
Terminal 

7. Buffer 

Solution 



( 
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* Read pages 3 - 19. in reference. 

* Complete the job sheet, 

^ Complete self-assessment and check answers. 

* Complete post-assessment and. have instructor check answers. 
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Job Sheet 




CONDUCT pH| VALUE TESTS ' . ' ! 

* Conduct colorimetclc'' test 

^ , • ■ 

- Set up test tube rack (from test kit) 

- Fill 6 test tubes with 10ml pf boiler water samples . " 

- Fill' 1 'test tube with 10ml distilled water %, 

- Add .5 ml of indicator to a test tube I 

Repeat with each type of indicator with only one indicator per test tube 

- Select the test tube which shows a c^or change 

Place that test tube in a comparator and find color range 



* Conduct pH meter test 



- Read instr.uctions vdth pH meter to be used 

- Conduct test three times and calculate mean or average 

- Compare pH value of pH iqeter test with coiorimetric test 

■ ■ ". . ■ , V' 



Ik:/:' 
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. Self ' 
Assessment 




• Match the following terni$ with descriptive phrases. 



!• mho 



2. Reagent 



3, Indicator 



A. A reagent used in chloride 
tests. 



B. A reagent /used in testing for 
excess solium sulphate. 

C. A reagent used in testing to 
test for phosphates. 



4. Silver nitrate 



D. Produces a chemical reaction 
in water. 



5. Potassium-iodide-iodate 



6- pH 



E. total hardness test to measure 
calcium and magnesium salts 

in water, 

F. Unit of measurement for 
electrical conductivity. 



7. Phenolphthalein alkalinity tests 



8, Ammonium molybdate 



G..* Causes changes in color of 
water. 



H. Measurement of hydrogen ion 
concentration. < 



9, Caustic alkalinity tests 



I. Tests for hydroxides and 
carbonates in water. 



10. So^p teat 



J. Tests for total quantity of ^ 
hydroxides in water. 



if 
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# Self Assessment 
Answers 





F • 1. 
D 2. 



3. 



4. 



B 5. 
H 6. 



I 7. 
C 8. 



J . 9. 



E 10. 



\ 
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Assessment 





1. Silver nittate and ammonium molybdate solution ar^ 



2 . P,henolphthalein and' methylorange solutions are 



31 ' The unit of;meaSu^^^ for electrical conductivity (total dissolved 



sdlids) is 



4v The rtixing of a liquid into another liquid in measured amounts until, a 
' color occurs is called " ' " ' ;^ « ^ ' . 



5, Three types of alkalinity tests are needed to measure levels of carbonates, 
bicarbonates and • ? 



6. The rate of blow-down for a boiler can be determined by a 
test. - 



7. Sodium sulfite tests requires titrations with 

solutions* ' 



8; Sodium 



are commonly used in boilers Xo precipitate 



calcium and prevent scale formatons* 



9. The pH value of water can be determined by 

methods. 



ox 



10/ Hydrogen ion concentrations of liquids are comilionly exj^reased as 

values « 
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Instructor 

t'Ost Assessment 
Answers 





Reagents 
. 2» Indicators 
*3. mho 
A. . Titration 
5. Hydroxides'" 
6; Chloride 



7, Potassium iodide-iodate 

/ ' ■ ■ _ 

8. Phosphate 



9. ColjotimetR^c electronic 



/ /lO. pH 
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^Supplementary 
References 



^ * Corespondence Course. Lecture 7, Section 2, Second Class* Steam Generators^- 
Southern Alberta Institute of Technology. Calgary, Alberta, Canada. 
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■ Ol 1,KI{ KKh;myATKJ{ 'rUKA.'lMKNt 



^ * Water is a subslaiKM' which nuist he considered as a (hha(< sohilion 
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vv.uei IS a suDsiaiKM' WHICH Miiist he considered as a (hha(< sohilion i 
ol chemicals until it has Ix-en treated in some way to rendei- it \^\\vv|S . * 

l-'ii-lher. most ol the (di.-micals^ in solution have untlcsirahle properties 
when their ccyiceiitralion is uic reasedl,)y evaporation in the boiler plant. 

'i he natural sources o! water may be subdividcil into the lollowini; 
calefiories : i 

1 . Kaiir water. , . . 

Hard water. 

.'i. Soil w aler , and ' • 

■I . Kslua l ine water. 

I'l oin a cjiemieal \ iew|)oint raiii>W'lVi coiitaiMs the least constiHi 
••Ml ;, but raw rain water is corrosive hy.virliic of its carbon dioxide and 
owncM contents and in iiulu.strial atm()S|)heres some sulphur acids niav 
al.'io l)c^ires(>Ml , 

Hard water is derived from rain wMler which has percolated UiroU|-h 

(lie earth and lias'leached (nil some sulphates, (dilorides, and carbonatt'S 

ol <'aleium and maKiiesium. The hicarbonates impart what is known as 

• •■inporai y hardnes.v the sulphates aiidchloi KkJS make permaiu'Mt hard 
ne:;^; • 




Sof t wate r is ruin water which haa percolated over insoluble roeks. I 
This water while free of caleium and magnesium salts may earl^other- 
eompounds, for example organic material derived from decomposition of 
vegetation, some salts such as sodium chloride and sodium 'Sulphate . ^ 

together with ammonia and silica. The corrosive carbon dioxide originally - 
in the rain waU'r is still present and the pH or acidity of the water will 
dcjpend to a lar^o extent on the nature of the earth, and rock through which 
it has percolated, 

I 

I'^^JMiVLii^^^watcM^ is in fact diluted sea water, the amount of dilution 
, ,(lepondinn ^pw the plant location^(g)istance from the sea coast) and varying • 
with the ocean tides. The chemical concentrations of such waters are 
generally greater than the^ others already considertid and great care has to 
be taken to render them suitable for fecdwatpr. Due regard nuist also b(: . " 

paid to the nature of any industrial effluents which may be present/ 

Thus it can be sairt-that all natural^aters require treatment to some 
d(»gr(M' h(M()i*e biMng suilabh^ for boiler Teedwater , thc^ extent of the treat- 
nKMil (k'pendin^; upon the? solutes present. 

Aiiu.s ol l^ojlor WaU'r^T ' - . '''^ 

The principal aims of boilcr-watcr treatment niay U^summari/ed as 
tollows; 

1. *V\\v eompUHe I'emoval of all scale-forming salts from the boiler water. ' 

{ 

\2. The (Miminalion of aeid-eorrosioi) tendencies through the maintcmanCe 
of an a(le(|uale i*eserv(* of alkalis in the water, . . * 

'3. 'J'he I'eduetion ot dissolved oxygen to a minimum, 

n 

1. The r('i>nlation of the quantity and quality of th(* total dissolvcul solid : 
(H)n(cnts ol \\\v boiler waU^*. 

In order lo acu'omi il isH tlu^^sc aims the available le(Mlwater must be ^ 
lested tor impuiMties a(*()U!\S(» of treatment prevS(*ril)ed de|.)(Midin^; upon 
IIk^sc lindmg.-V. and finally av;>^ei*ies of t(*sts set up to check that th(^ desn'c^l 
rf\sullH arc'bein}*, aehieV(Mk ♦ . • * 

Such a proj',rani can only be dovolopec^ by a prt)toSs* lonal wafer troalmenl 
ehoniisl. A.llenipts al pr(»Se nbinj', walei' (I'ealmenf by any bul the Ire.sl in 
lormed persorjnel are likcdy to i)e inadefjualc* and may w(dl \)v extremely 
(;oslly in lei ins ot plant rt^pair. 

riu; power enj.\in(UM* nnisl lu)\vev(M^ urukM'Stand the* proeess(?s whudi wvv 
involved and be ableMo apply the eorrc^et techniques once requii*(Ml trc^al 
ment has Ixuwi prestM^bed, 

This in luvu flemaruis a knowleclf^e Of th(; t(*sts whi(;h (^an l)(» ^ippli(»(l l(; | 
m<»asure Ihe (dh^eliveness of the tn^atment. 
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WATER TESTING 

It may be easier to obtain a clear picture of boiler water' treatment 
methods by first gaining an understanding of the tests used and the ojjtimum 
figures aimed at. With this in mind the following paragraphs describe boiler 
wattir testing methods commonly used. '^^ 

Testing Kcjuipment 

Test kits comprise sampling bottles, tost tubes, porcelain dishes, 
burettes and pipettes, and other glassware usually found in laboratories and 
include standar'd reagents and indicators . In^ modern installations, in addi- 
tion to such test kit. sensitive electronic instriJments are also provided. 

IteagiMits^ 

■ A r(?anent is a substance which, on account of its known chemical pro- 
perties, is cmploy(?d to prockice specific reactions in combination with pactic- 
ular constituents of water which it^is desired, to measure. The r(?action is 
observed and the quantity of the reagent required to |)r()(iuce it recontk'd, so- 
that a calculation can be made as to the quantity of the constituent unck'.r 
measurement. Thus, a reagent serves as a measuring instrum(!nt. in 
consequence, its quality andstr(;ngth mu.^t confornvexactly to specifications 
laid down. 

As most reagents are solultions /)f acids or alkalis. S|)ecific:itions as to 
lh(!ir- solution-strength are drawn up with an eye to tlu; facility ot calculation 
ol th(> result subs(>quent to a test. For instance . N/fiO .sulpliurit; acid is used 
as a reagent in alkalinity tests. The |)refix N/!)() re|)i'esents the solution 
strength of tlic sul|)huric acid. i.e. , () <.)H grams ol pure suljvhuric at-id is 
dissolved in one litre of distilled wat(M-. This |)articulai- strength is chosen 
because one mL of this reagent |)reci|)itates 10 |).|).m. of CaCOu. A change 
in strength will. obvious ly change the (juantity ol piecipitation , Hence, it is that 
standards ar<.> laid down lor tlu; quality and strerij;lh (^). various reagents. 

Standardi/.atioii is a skiHtrt4-tTi)eration ; It is, tluMH^fore, (l(\siral)lr that 
\\\v boilor onKinocr obtains his roa^cMits iXwvvX from fiiMns S|)ooializin^j in 
(his (commodity. Time has an a(lv(M\S(» rllpct on the sti*t»n^;th of ira^j(Mits. 
Wvww oxcossivc quantities should iiot be stocked, the maximunv stork 
linHl(Ml to six montliH.' requirements, 

•The principal reagents employed in vvat^^r t(»st kits are the following: 
N/GO sulphuric aeid, 
^- Silver nitrate solution . 

Potassiiirp-iodide-iodate Solution. ^ ^ - 

Ammonkun molybdato solution, 
^ Soap solution. 
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An indicator is a solution which exhibjts a change in its color when a very 
small quantity Is disHolved in a sample of. water whoso acidity or alkalinity is 
within a iuiown and stipulated range . A number of indicators are available, 
each changing its color over a different acidity (or alkalinity) range. All of them 
are organic; compounds with complex ohein.ical formulae and arc themselves weak 
acids or alkalis. When added to othoV solutions, they do not undergo any chem- 
ical reaction with any of the constituents of the solution beyond being ioni/.cd. 
The color change is the special characteristic resulting from such ioniJ'.ation. 

Indicators find their place in test kits an, with their help, appropriaU;, 
color changes can be prdduccd arfd, observed so as to decide when titration of 
the sample with the reagents can be stopped. The principal indicators' employed 
in the diffopent tests are: 
I'henolphthalein, 

Methylorange solution, ■ • .. 

Starch solution, 

A set of i)M indicator solutions as tabulated under. "Test for pH Value". 
Titi'alion ' . . 

j Titration is a procedure wherein a .standard solution from a calibrated 

/ container is slowly added to the water sample. When a visual change in the 

■ ^sample is noted (the end point) the amount of the standard solution used will 

i *be proportional to the amount of the impurity present in the sample. 

It is of little use to carry out analyses carefully and accurately if the samples 
arc not j-cpi'cscntative . If it is desired to study tiie effect of a certain addition of 
trt'atmcnl (dumiicals in a boiler, it will not do to take a sample from the boiler 
immediately after the addition of the chemicals and ex[)ect a change in results. 
Time must be allowed fyr the change to become effective. Where possible, the 
„ samples must be drawn through cooling coils, directly in stoppered glass bottles. 
Wh(Mc this is not 'poss ible , care should be taken to use only such vessels as are 
resistant to chemical attack by the constituents of the water. 

Kxccpt where otherwise specified, all samples must be filtered through a . 
)\«'<>d quality fill(M- pap(?r yielding a clear filtrate'. For some' tests .• e. g. pH 
•vahjc l.cs(. filtration is not permissible. In such cases, the suspended matttir in 
the sample must in; allowed to settle before removing the portion of the sami)le 
' ru!cessary for the test. 1 

Units ■ • ' 

It h.')s been ironically stated rhat there are as many methwls of expressing 
water anul.VKOs as there a^'o chemists mjildng them. For in.stance, the quantity 
of calcium present in a given sample can be expressed in .several ways, cither 
directly as th{i mass of pure calcium, or indirectly as the equivalent mass of 
.different calcium compounds in which the s;rmo mass of pure calcium may be 
said to exi.st. • , . j» 
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In tater analysis, the analyst is more concerned with the diM erm Ina t ion 
of the properties of the water, its hardness, alkalinity, etc*, than with 
itf> composition in terms of individual elements. It is convenient, 'therefore 
to reduce all measurements ot different salts producing one property into 
one uniform standard. ^. 

The conventional method adopted (with n few exceptions) is to express all 
the constituents which produce a particular property in terms of their c^lci 
um carhonate (CaC03) equivalents , even though the particular property may 
have nothing to do with this (I^mpiound . CaC03 has a molecular mass of 100 and 
is therefore a very convenient unlt» 

Thi^s, one unit of calcium with a molecular mass of AO is represented by 

, i.e., 2.5 units of CaC03 equivalent* 

Similarly, magnesium sulphate (MgSO^) has a molecular mass of 120. 
Therefore, one part of MgsSO/^ is repx^esented by 

120 * ^'^'f 0.833 units of CaCO^ equivalent. 
In popular practice, the basic numeral units for water analysis are: 

(1) Parts per million (p.p.m,)" number of parts of the substance 

per million parts of water, both in terms of mass. 

(2) Grains per Imperial Gallon * number of grains of substance per 
\ . 1 B,ritish Imperial gallon of water (also in terms of mass). 

3 

1 Grain per Imperial gallon =^ 1^.25 grams per cubic metre (g/m ) 



pescj: ij[jt Ions of Various Tes ts 

The principal tests on boiler water samples carried out in practice are 
far the measurement of I 
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1. Total conXent of dissolved solids. I 

2. Tt)t/il hiThdness. ^ • 

3. Alkali/ity: (i) Phenolphthalein alkalinity « 

(ii) Total alkalinity 

(iii) Caustic alkalinity* 

4. ChloVides* * ' . 

5. Kxcess sodium sulphite 

6. Excess phosphate* 

7. pH value: (i) Calorimetric Method 

^ (ii) Electronic method. 

In what follows, an attempt has been ma(ile to describe briefly each of 
these tests with particular reference to its purpose, procedure and to the 
metJv^d of interpreting the results of the test. , ' ^ 
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KSTIMATION .OF TOTAL CONTENT DISSQLVKD SO LIDS 



« 



Purpose. The quantity of total dissolved solids constitutes a very approx- 
imate measure T)f the influx of scale-forming and corrosive mineral salts with 
the feedwaters . ' 

' '« . 

When other tests such as harciness, alkalinity, etc. , are made, the meas- 
urement of the density of water is not considered as being of vital importance 
^ for the proper operation of the boiler. (Total dissolved solids include all salts 
in solution irrespective of whether they are considered desirable, undesirable 
or neutral.) The measurement, however, is mad\mainly as a cross-check and 
to assist in keeping the total dissolved solid content below the recommended 
figures., . • 

Test. The total dissolved solids in a boiler water may be discovered by 
evaporating a sample to dryness and then weighing the residue when dry. This 
method is obviously not well adai)ted to i)ractical boiler house operating condi- 
tions because of the extreme' accuracy required in woi^^iing. 

The method moreVommonly em|)loyed is to measur^! the conductivity of 
a water sample and then use this to calculate the solids in solution. 

Pure water is highly resistant to the passage of an electric current, 
however any sojids in solution will I'educe this resistance proportionately, or 
stated anotl\er way, increase its conductivity. 

The basic unit of electrical resistance is the ohm. Since electrical con- 
<duetivity is the reciprocal of resistance tl^e unique term "mho" (ohm si)elled' 
backwards) was chosen as the basic unit. 

• 

In the conductivity test an electrical instrument is used, o|)erating on tiie 
wheatston(> bridge i)rincii)le. to compare the resistance of a sami)le of water 
against a standard resistance. Dissolved solids contents of from 0.5 to 10,000 
p.p.m. can be mea'sured usjng these instruments. 

The conductivity test measures the ttVtal iAiic concentration but since the 
hydrojiide ion (alkalinity) has a much high(>r cmukictance than the other ions 
pre.s(!nt. for accurate results the sam|)le must be neutralized before th(> 
l^onductivity test is made (gallic acid is eommonl^i used for the jjurpose). 

. • Conduc^tivity instruments are usually calibrated in micromhos (a micromho 
is a millionth of a mho). Calibration, directly in |).i).m. of dissolved Solids would 
introduce errors since the conversion from micromhos to p.p.m. will vary 
slightly with different waters. 

/vov average; industrial purimses the conversion factor of I micromho 
equivalent to 0-,^ p.p. m. dissolved solids is sufficiently accurate. ^ 

The American Boiler Manufacturers Association in its standard guaranttK? ' 
of steam puHty stipulates the following majdinum limits for'soHda content of 
boiler water: . * • 
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Operating Pressure (kPa) . Total Solids (ppm) 



^070 , 


2070 




3500 


2070 


3100 




3000 


:n'oo 


- 4140 




2500 


4140 


5170 




2000 


5170 


6200 




1500 


0200 


6895 




1250 


6895 


- ^10,340. 




1000 


10 ;}40 


- 13 790 




750 


i:} 790 " 
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IIAUDNKSS TKST • , 

y 

Puri)qsc, Hardness in wattM' is the property which exhibits itself by the non- 
loi ination of permanent lather, when niixod with a standard soap solution. Truly 
soft watcM* will form a persistent lather even with the addition of an extremely \ 
small quantity of soap solution, provided the water is a^^itated sufficiently. 
WalcM* becomes hard due to the presence, in solution, of one or more salts of 
calcium and/or magnesium, the more important ones being the bicarbonates , 
carl)onates, chlorides, suli)hatcs and nitrates of the two metals, 

* 

llarclness of water may be sub-divided into "temporary" and "{)crmancnt" 
hardnesses. Water is said to possess "temporary" hardness when, on heating 
the water in open vessels, it is rendered soft. The bicarbonates and c^arbonatcs 
of calcium and magnesium impart temporary harciness. to the water which contaii\s 
lIuMiK Hardness due; to calcium and magnesium sulphates and chlm ides cannot be 
r(MUovcMl by boiling in o\yvn y(\ssels and so it is termed "permanent". Under 
boilcM- (conditions, however, all hardness salts precipitate and form "scale", 

* In re(*cMU years the terms tempoi ary and pei fnanent hardness have given 
away to "carbonate" and "non-carbonate" hardness respecitvely . 

Carbonates and.bicarbonates of l)oth metals form soft, porous scales. 
Calcium sulphate forms a scale which is hard, non-porous and adluM'ent. Mag- 
nesium sulphate* and tlu* chloi'idcfs of (calcium and magncvsiuni l)r(»ak up lo form 
:\ruh' and also precipitate soft sc^ales. S(!ale formation in boilers, particularly 
i>n hratinj; surlae(\s. is und(\sirab](» as it l'(Mlu(*(^s h(*at transfer (^ffi(M(uu!y and 
(•aus(^s Lub(^ lailurt\s owing to ()V(M h(»ating <)f mental. /riu* inlcMisity of hardn(\ss in 
a boilfM' watcM' is thus a nu^asure of tlu* propcutsityof the watcM^ to Jorn) scales 
on boating surfaces, ^ # 

(^*^9„^llJy!i!tJuKlj ^ with soap solution, a hard watjf throws out 

a precipitate or eurrf whii:*h repi esents a reduction ol soluble bar dnelfs salts to ^ 
, insolubU* (compounds; Wh(^n all hardness salts arcNpreeipitated, the water is 
r(Mid(*r(»d soft and so forms a persistent 'lather with a very small further addition 
of soaj). X , ^ 

This pr()i)erty of soap which enabl(*s it. to neutralize the hardness salts 
through prcHMpitation is mad(* u^e of for the d(*t(»rmination^ of tlu* d(^gi-(»e of 
hardn(^ss prescjnt in samples ()1 boiUjr water, ^'h(* r(»sult is (jxpresstui in parts 
()1 (^'K^b.j (ujuival(uit j)()r niilH(>n parts <)f water, 
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The test consists of titrating, with a standard soap solution, 100 mL., 
of filtered boiler watcir' taken in a glass -stoppered bottle and^ shaking vig- 
orously after each addition of 0.2 mL jof soap solution until a lather is 
obt{ilne<rvA(;hich persists for at least five minutes when the bottle is laid 
aside at.refst. ' . 

Calculation . The quantity of s(5ap required to neutrall^.e the hardness ' 
• salt.s through precipitation is directly proportional to the quantity of hardness 
salts present. , 

I mL of standard soap solution precipitates 10 ppm of UaCO.j. 
Hence, hardness of sample (expressed in ppm of CaCO^ equivalent) 
^ 10 times mL of soap solution added during test. Standard soap 
solution precipitates all hardness siUts, not only the carbonates . / 

Tost (Titration with a Sequestering Aa j nt). This test is based on th/ . 
determination of the. total calciut^i a^id magtTesium content of a sample; l^y 
titration with a soquestoring agent in the presence of an organic dye. / 

The indicator or dye will show a red color if the hardness is pro.4nt in ■ 
the sample, titi.ation is then carried out with the hardness titrating solution 
until the end point shows a 'color change from red t^ blue. * 

Calculation. The quantity of titrating solution used iS' directly proper- ' 
tional to the (luantity of hardness salts present, given a standard qutmtity of 
sjunple. Hence if a 100 mL simiple is used, then ' , 

I)pm hardness as CaCO-) - mis titrating solution x lUOO . 

. 100' 

Th(! lollowing liguics give examples of the range ()f hardness to be ' 
e.\pe(t(!(l: » ' , 

soft watcl- 
medium hard 
hard 

very hard * „ 

ALKAL INITY , ■ • 

The holler engineer' needs to kinnv the condition ol the water with r(!lerenc:e 
to all the three alkalinity measurements, toi- only then ean he determine separ- 
at(!ly lh(! amount ol biearbonales, carbonates and hydroxides present. This det- 
t'l-mination is essential, in order to decide on the nature ol the treatment to be 
employed. For instance, if the water Ls found V) have caustic alkalinity of a 
value higher than a stipulated amount, there is danger of a phenomenon known 
as (;austi(; cmbrittlement, thatjis, the hnilor metal developw hair-line cracks 
along grain boundaries. Similarly, if the bicarbonate content is found to b(\. 
exeessi-ye, free carbon dioxide is rcleasefl, promoting corrosion. The treat- 
ment of th(! water differs in either case and is controlled on the basis of the 
residls ol thes(» alkali tests, 

(IM'll:! ?. 'I H). 
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DofinitionH . An alkaline solution » simply stated, is one which contains 
hydroxide^ , ea rbonates and/or bicarbonattis. 

A« previously stilted, alkalinity tests dre usually carried out in three diff- * 
erent parts, viz (i) Phcnol{)hthaloln alkalinity, . 
/ • • V . {Ill Total alkalinity, and 

(iii) .Cgustic alkalinity. / 
# ' ^'Phenolphthalein alkai'inity*' is the term employed to indicate the alkalinity / 
imparted to water by hydroxides and. earbonatxts only, i,e, excludinj; biearhonatrs. 

'T()taiyrikalinity** represents the total qulntity of all dissolved salts imi)art- 
ing alkaline iJiopertjes to the water. i 

*'(:austie. alkalinity^ measures the quantity of hydroxi.des present in solution/ 

» • . • • . ... 

Purpose ; To |)revent corrosio.ri inside a boiler, it is essential that the 
water inside; should not b(* aeulic: .Ivven |)urc distilled water has a tendency to 
bcrome acidic due to the In'eaking uj) of water molecules under conditions 
(^xisti.nn in a boiler.. II is n(H'essar7,. theremre,. to maintain the boiler water / 
slil^hlly alkaline, i,e, there must be present small quantities of hydroxides, / 
carbonates, and/oi* b i ca r bon a tes in Sf^lution , • / 

(i) I ^he no I pti tha 1 (;.i n A 1 ka 1 i n i ty Tes t ■ , / 

Kxpla nation . When a (Irop of |)henol|)hthaloin , whi(!h is itself an alkaline 
liquid, is addcul lo i water which con^aiiis hy(liM)xi(les or carbo'nalc?s , lUv watcM* 
iftrns pink in (^oloi'. 'IMiis eolorinfj; is indicative of a hi^hei' alkalinity of the sol- 
ution than that of the phenolphthalein drop. When an acid is added lo the solution 
so that lh(; alkjlis are neutralized or weakened lo^ a strength below^that of the 
|)hen()l <lro|), the pink color (lisap|)ears. [n the presence .of an acid, hydroxicU\s 
"arc neutraliZ(Mi and form salts; Carbonates, on the other hand, f0rm into bicar- 
lK)nnt{|b first and then, with, the aclditibn of more acid, are neutralized. While 
carbonates are more alkaline tljan phenolphthalein, . bicarbonale^/a^^ less alkaline, 
. althoun;h even the latter comes under the' general category' (^f alJKalis. 'I'hus, when 
an acid is added lo the water, sample till the |)ink color i)roduccil by a f(nv di'o|)S of 
|)henolphlhalein jusl disapp(uirs, it is understood that at ihe momcMU of lh(* color 
ji^hao(>e, all lhe^hy(lrt)xi(les ha<^ivbpoh neutralized arid all IhV c/rboiialc; molecules ^ 
have been re-fdrmed Injbo hnlf*lh(;ir 't\uinber' (if bi(;arbonat(MTuilccuies (i. (\ (»ach 
|)aii' of carbonate moleciides cou|yie up 4/) fonp a single bicarlionate molecuJc!). 
This properly of |)Henol|)hthalein ehahgihg color is utiliztul /to dcUM'mine the 
.quantity of carj^viate'^^ and>liydiH)xLd(;y solution in the boil/er water. 

T( /^t , T he .l(^sl C()ns;ists (yii^(Vl(u^ measured quantity of th(^ samph? with \ 
tfft|)hthal(Mn ;in(l iUcn titrating with sulphuric acid until the color-jusl .disap- . • 
Tpears- 100 mL of fiUered sjimple is V'^^^-" porcelain dish md 10 drq|)s of phen- 
()lphl.hrd(Mn in(li(\'itor is ;m1(1(uL If the'saiu|)l(* in distinclLy alkaline^ the color will L 
c*han*gc^l(; |)ink, '(If it (h)cs hot tvUrn i)ink, th(; inf(n'en(H;/is that phenolphlhaUqn \ 
alkalinity is nc^gl igible and may 'l)e takc;n as /(M'o)*. This colorecl samjilc is now * I 
titrat(ul with N/f)!) sulphuric acid until the |)ink (!olor just disappears, the sample 
heing'kept sli4*ry\l all the tinYe, Thc'quantity of acid added is note, The U;sted \ 
sarni>le is rdtain(*d for furthcJir't^^jsH^ 

Calculation . One mL Qf ;N/50 sulphuric acid neutralis^Bjs 0.001 g of CaCO.j* Hence 
if I tnUpi^cki in used in the test, it mearts that 0.001 g of CaGO;} or its tilkal'infc egui^- 
iilent is present in' Solution in lOO mL of water* . ""^ • , ' • ^ 

lOO'mL^of'water has a niass of 100 g. 
Hence, pheni()lphthalein alkalinity per mL of acid used '. * 
"■.•• .•;^(). dO%>/lO() parts of CaOf );} per part of wjitc'r ':' • 
,* ml ' 10 parts ()! |)(;it fnillion parts of waltir, : fV 

'TtercfQro, given that the sample (lujintity is 100 mLfJjmminity to phc'nol- 
phthalein (expressed in CaCO-j |)pm) 10 times mL of aeidAi{/(!tl . ( pi- iJ- 1'- 7 -<>) 



(ii) To tal A lkalinity Test 

, Explanation . Phenolphthalein does not turn pink in the presence of bicarhon- 
ates, even though the latter are alkaline substances, Hence, a phenolphthalein 
alkalinity test does not measure the total quantity of alkaline substajiccs dissolved 
in the boiler water under test. Unlike phenolphthalein, methyl-orani^e reacts even 
in the presence of bicarbonates , When the water 'Is alkaline, a few drops of this 
liquid imparts a yellow hue to the water. When the alkalinity is completely neut- 
ralized by the addition of an acid, the color of the water chani^es from yellow to 
red. This color reaction of methyl-orange is uSed to measure the total "Ulkalinity 
of the boiler-water sample. , . • 

Josl. The test itself is a continuation of the phenolphthalein test, the same 
sample beinn further colored with methyl-orani^e and th^n the residual alkalinity 
neMtrallzed. Ten drops of methyl^oran^e are added. If the sample tOrns red 
imni^^diafcly, it mcafis no bicarbonates are present and thaK>the sample* has Ijeen 
neutralized by the addition of acid dui'ing the. phenolphthalein test. The phenol 
alkalinity is then also the total alkalinity. If the sample turns yellow, it means 
that the sam|)le is still alkaline. The sample is then titrated with N/r)0 sulphuric 
acid until the yellow color changes to red. and the quantity of acid added from the 
startof Uie phenolphthalein tost till the end of the total alkalinity test recorded. 

Calculation , Therefore using a 100 mL sample, total alkalinity in CaCO;j 
ppm ==10 times rnL of acid used. fr, . \ 

(iii) Caustic Alkalinity Tes t 

Explanation . When barium chloride is a(;J^ded to an alkaline sample, the car- 
bonates arc precipitated leaving only the hydroxide alkalis (also called caustic 
alkalis) to Ije presimt in solution. A phcnolplij^halein tesfe curried out after elim- 
inating the carbonates in this manner. will give the value! of caustic alkalinity 
in CaCO'j i)pm. ^ ' • V' 

Tfest .^ 10 mL of barium^-oWorWels addoti to 100 mliof filtered boiler samples, 
this quantity of barium chlyride being^ considered sijfficl(^ ^it to neutral^7e the 
carbonates present. Then. 10 drops of phenolphthalein indicator is aNfliJcd. If 
the Sample does not ti^rn pink, it means that it ha^^ no hyc roxide content and hence 
no caustic alkalinity, if ;the sample .does turn pink, it sliould th(»n be titrated with 



N/r)0 sulphuric acid until the pink color just disappears. 



he sample being kept 



stirred all the time. The quantity^of ^acid added is recorded 

' f::<ll^L^4i}.y^ Caustic allvQrUlii^^y i^ CaCC^ ppm = 10 times the mL of acid mlded 

, : (usin|^ a 100 mL stUTiple). 

Interpretat ion of Alkalinity Test s 

Although' all the;differeht values of alkalinity as measured above are expressed 
in parts of CaCOs per million parts of water, it should be clearly understood that 
CaCOy is uspd only as a unit of measurement a/id that tho alkalinity of the water 
may be due to dissolved hydroxides , carbonates or bicarbonates of calcium. 5iodium 
magnesium, etc/ * • 

;y\!^ and, hydroxides cannot co-exist in solution, as the latter convert 

the former into carbonates through chemical combination as follows: ; 

'iiyy ::,::[■■:' ■ CaCHCO^)^ i Gaiail)^ — ^ \ m.p 
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( 11' C. P and M are rcijjpoetivcly the values of caustie alkalinity, phenolph- 
tha lorn, alkalinity and total alkalinity (all in CaCOa ppm) the results are inter-^ 
pretld as follows: 

(i) If C>^jjil, carbonate content = 2P; bicarbonate content = M - 2P. 

P is Ics^ than 1/2 M. • 
(ii) If C is posiiivc, hydroxide content = C; carbonate content ^ 2(P - C). 
No bicarbonate content. The total alkalinity, M = C + 2(P - C) = 2P - C 
MMs more than 1/2 M. • ' , 
(Mi) If P - 1/2 M, th^i alkalinity is entirely due to carbonates, no hydroxi'des 

oi hlcarbonates bqinR present. • " 

(iv) If P M, the alkalinity is entirely due to hydi-oxides, no carbonates or 

hicarbonates. being pf^cscnt. P is also equal to C. ^ 
(V) If P y.cro, the alkalinity is entirely due to bicarbonate, there being no 
cai boiiatcs or hydroxides in the water,' Then M bicarbonate content. 
' C - 7,6 ro. ■ • 

CH LOIUDE TEST 

Purposo. In boilcr-wutcr conditioning\ho principal application ^f the chloride 
, lest IS in th(MH)ntrol of blow-do\vn . Since chWidcs are not subject to i)recii)itation 
Ihc (Ictci minatiun of the relative chloride conc^UratioiV of the 'feedwatcr and the 
iK,i|<M- water provides the most accurate basis lex- calculating the rate of blow-down 
usin^; the following formula: 

ajnXc^^Jitc^ ^ 
CI in boiler water 

, M()Kt waters contain only relatively small^quantitids of magnesium and calcium 

y ' chlorides, both of which are hardness -producing salts- W)ilch, under boil-er conditions, 

I)romote sciUe formation and corrosion. Sodium chloritle (common salt) is hardly 
existent in such water. In sea water, of course, sotliuih chloride is the major con- 
stituent of dissolved salts, ai)proximatt;ly 2^ G20 ppm ./The other chloride salt it 
I contains is magnesium chloride^ the quimtity being about XiOO ppm. Of these, sodi- 
um chloride has a\olubility of very nearly. 224 000 p|)m at ordinary temperatures 
and a much higher s^iibility under boiler conditions, {^irther, it does not imdergo 
luiy chemical change in the boiler -except under conditions of excessive temperature. 
In ils dissolved condition, it Is quite harmless, particularly with regard to scale 
foriiKition or corrosion. Magnes^im chloride, howevel^ is an cxtrcnu^ly umlesiriiijle 
corislituent, since it promotes intensive corrosion and scale formation. _>'-^^'*''^' 

In Ihr l)()ih i .s ol plants using esluai ine water for (tooling purpose's, the presence 
iIoi kIcs u) Ihc ualci- can only mean lluil sea water is somehow linding its way 
iiih. ilii- plant. Sea walcr leakage will result in a gradual eoneentratioti of dissolved \ 
.-odinin chloride. Hv ilsclf, such (M)n(;entration is not dangerous exc(>pl when the , 
■/;;oliil)ili(v saiuralion limit is reach(!d and salt is (k'posiied on the heal ing surface? 
liui'ii IS an indicalioM thai, together with sea water, other: and more dangerous eqn-.. 
.•;|iiucnls such as magiiesium chloridcv calcium sulphate . (>tc. , are inlrociufred int(f ' 
the boiler. The iu(>asurement of (dilorido content is thus a sure method of.ascert- . 
ainiiig the existetu'e of sea-water leakage into the fC(>d system and the. magTi.i.tiKk' v • 
'lher(M]|f. • ■ ■ ' . _ , 



(.1 (• 



Test, in tile presence' of potassium Chroiriate in watcir. silver niti'^fe takes on 
a buck red coh)!- owing to the formation of silvtM" ehronuiu-. Hut silver nitrate has 
:i I'.iealer cheniieal affinity towards sodiunvor otli(>r fhlorides than fOn-polassiuni' 
ehroniafx', ' - .' 



. J(PK2K>>7 11). 



■-#• 



Er|c : : ■ < , ■„ ■ • \:^f^: 



BEST COPY AVAILABLE 



/ 



- 12 - 



4 



Thus, wheh silver nitrate is added to a mUdly. acidic (vat^er (this is essehtial '; 
for promoting active chemical reaction) containing chloride salts' a? 'wpll as pot- ^ , 
a$siu?r» chromate,ia color change indicating fonnatloit of sflv(5,i?cfii*t>mate takes 
place only when all the chloride salts^jiave been reacted upon, Tfiis phenomenon 
Is utilized in the measurement of dissolved chlorjrtffes in boil (/r water. ' 

100 mL of filtered boiler water is taken, in *a porcelacia'dlah and the alka^njty ' ^ 
neutralized by the addition of N/50 s^ulphuirlC^/Ucid in suffici^ent quantity to remove/ y 
the pink color caused by 10 drops of phenolphthajein.' ^E^fc^S'S aoid Jip io*(/^ff';^mL 
is then added making the sample under test distioctl^ acinic* 20 drops ^f poVassium 
chromate is added to the sample, whigh is then titrated with N/SO Standard silver 
nitrate solution. As each drop of silver .nitrate strijces the sample,, red color will 
appear momentarily but disappear immediately, as the chemical reactions between 
silver nitrate and the chlorides tahie place. The titration is/.^contiJiued till/ with, 
slight excess of silver nitrate, the sample acquires a reddjish brown Unge (coffee 
color). The 'sample must be kept stirred thrpujghout the process.' The mL of 



silver nitrate added is recorded. 



Calculation Each mL of N/50 silver nitr^ate used neutralizes iO pprh-of chlo- 
ride expressed in CaG03 ppm. Hence, chloxude content in ppm of Ca(CO;j - i^' 



times mL of silv 

Chlori'do co 

35, J 
Therefore 




nitrate added t * , - 

can also be expressed in chloride ppm 
1 50 CaCO ppm 
ride content in lerms of.chlorine ^ 



50 



X CaCOo ppm , 



SODIUM SULPHITE TEST 



Purpose . Feedwater carrie? with it into the boiler considerable quantities of 
dissolved oxygen, particularly in- open-feed systems. This oxygen Is freed out of 
solution when in the boiler and proniOtes corrosion of the boiler metal. This 
corrosive notion of oxygqn is particularly seve^e in high-pressure boilers. Effic- 
' ient l)oiIer management, therefore, requires that oxygen entry is reduced to the 
minimunt and that the residual o;j:ygen still finding its way in is immobilized through 
ohemicnl treatment. The use of closed feed systems, de-aeration equipment, 
etc, , assist in reducing thp oxygen entering the boiler. Crystalline sodium 
sulphite has an affinity for o^iyffbn imd when combined with it becomes sodium . 
sulphate. This chemical is, therefore, employed' to neutralize the dissolved 
oxygen in the boiler water. | 

. Th(?. foi^mation of sodium sulphnte is not nn umiaxed blessing, It increases 
the. acid-forming solids in the water, which, in turn, caU for increased addition 
()\ nlkalis to^^ounteraet their effects. This results in increased scale and sludge 
formation and Consequent reduction in boiler efficiency. Hence, this method of 
oxygen control is to bo qjnployed With oVeriill consideration and only tQi^keep the 
dissolved o^gen content down to a min^ml^^^yalue luxd not to eliminate it alto- 
gether, keeping this, in nvind , only a very ii%ht excess sodium sulphite is 
maintained (usually 20 ppm in the boiler^water) , The test is designed to /measure 
this excess of sodium sulphite in the water. _ ' 

Test. If a small quantity of starbh solution is added to pure water and then 
the solution is titrated With pbtassiutr^-iodide-^iodate solution, a blue color is 
obtained instantaneously. In the presence. of sodium sulphite^ the reaction between 
potassium -iodide-iodate and the sodium sulphite takes precedence over the reaction 
l)<>two:en the fonner ^md the starch. So, the blue color Is, not formed until all the 
. sodium sulphite haft been ehemleally react(?d upon by the potassium-iodide-lodate, 
'I hlH phenon,cnon of differing redactions of potassium-iodide-lodate in th<? presence* 
or ahsenc(.\pf sodium salphite is,utili/ed to t(»st for 6xcesa,sodiuni sulphite in boiler 
wat(^r, - . 




i lOU mL of boiler water ia tuJcen in u porcelain dish im\ is turned slightly 
acidic with the addition of N/50 sulphuric acid (so th.\t chomieal reactions may 
be accelerated). 1 mL of starch solution is then mlded jind the solution then 
titrated with potassium -iodide-iodate solution until a permanent faint -blue eolor 
is obtained, the sample being kept stirred throughout. The mL of potassium- 
jiodide-iodate solution used is recorded. 

i / 

. ♦ N^2'i2- II »a t'^t-' utmost imimrtance for the acouraey of the nieasuremcnt 
that th<i sample should not be brought into eontaet with atmosphere, as the 
oxygen in air is bound to affeet the sul|)hite eontont. Hcnee, the; sample 
should preferably be drawn from the boiler through a cooling eoil, the 
out*t end of which should reach the bottom of the measuring jar and lh(> . 
water allowed to overflow from the jar for a few minutes. This ensures an 
uneontarninatod sample. ' . 

Calculation ppm sulphite as SOo -yniL poUs;«ium^iodide-iodate x , . 

' , mL simi|)le 

Using a 100 mL. sample the sulphite in ppm as s6.j is equal to the mL of potassium- 
iodide-iodate required multiplied by 5 . 

* 

(i. l'.IIOSPIiATE"rKST ^ . . 

lW])oso, Modern boiler water conchtioniiig is based on eontrol ol alkaliiiitv 
and maintcinanee of zero hardness,. With low-Jlressuj-e boilers, the pi acliee 
\^as to use soda ash (sodium carbonate) in order to control alkalinity. This alkali, 
•however, is not very stable at high tenipe'ratures and pressure's and breaks .up into 
caustic soda (sodium hydroxide) and free ear7)0n dioxide, resulting in caiislic 
enibrittlement of the boiler metal. Sodium phosphate compounds are milder" 
alkalis, but more stabU; and very soluble in \Vii|^ler at all temperatures and'pres- 
sures in use. Hence, phosphate conditioning is tlio preferred trealrncnl in high- 
pressure boilci's . ^/ . • • 

There are three diflerent phosphate com^xnuuls in popular use, \ j/., sodium 
metaphosphat(\ d'-'^odium-hydrogi^n phosphate and trisodium phosphate. The 
alkalinjty values differ between them. Hence the type of sodium phosphate coni- 
■potnd used de|)vnds on the control of alkalinity. The main fUnc^lion of sodium 
phosphate in all eases is. to pnieipitatc the calcium salts in the feedwater a.s 
calcium phosphates and thus prevent formation of boiler s(«ale It is esseiiliiil 
to ensure that thei-e is, at all times, an (!xcess ol sodiunrVhosphale in lhe'l)(,)ilei ' 
wat(;r. 



Tesl. In the presenci! of sodium ^los'phat*,' . a sample of l)oil(>r water with 
potassium nitrate crystals ilissolved m it reacts to the addition of ammonium 
inolybdatc by becioniing clfuidy. The larger the (quantity ol sodium phosphj^te pres - 
ent, the quickcM- this .reaction/ The time taken lor the onset of cloudiness is thus 
used as a measure! of the excess phosphate in the boiler Water. 

50 mL of boiler-water sample, preferal)ly hot, is taJcen in a flask and to it is 
j^idded ap|)roxlmately 1 g of potassium nitrate crystals. The sjunplc is theii shaJten 
'Tor |)ropcr mixing mid filtered several times till a clear sample Is obtJiincHl. 25 mL 
of this filt<!r.ed sample is then token in a water bath and heated to a temijerature 
between :iH and 40"c:. 5 mL (jf filtered^molybdate reagent is then added and the, 
s.'miple shaken thoroughly and allowed to^stand for two minutes. A note is them 
mad^ an to whether miy cloudiness has scf in. If the, sample is still clear, an 
^ observation is agiiin n^'iide after five minutob for the. onset of cloudiness and the 
result r.(;cortltKl. i 



t 
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Interprctatldn ^ Onset erf cloudiness of. sample within two nilnutes Indicates 
a phosphfite reserve of nnor^^han 70 ppm. 

Onset of cloudiness afteA two minutes but before five minutes indicates a 
phosphate reserve of between ^20 and 70 ppm. 

A clear sample even after five minutes indicates that the boiler water has - 
less than 20 ppm of phosphate reserve, , 

The amount of ejtcess phosphate \s determined on the basis of the above 
rules of interpretaJtion. It is generally.^dcsirable to maintain a soluble phosphate 
content of 30^ to 60 ppm. . 

Alternative Test (Colorimetric method) .- This test is based on the pro- " ' 
duction of a blue coloration through the use of molybdate and stannous reagents. 

^ The intensi^ of the colour 

' « . produced being proportional 

to the amount of phosphate 
present. 




Taylor Phosphate Comparator 



Fig. 1 shows a Taylor 
Phosphate Comparator used 
for this purpose, A filtered 
water sample treated with 
reagents in the centre test 
tube is color-matched with 
standard color windows in 
tsho slide. When a match is 
obtained the phosphate ^ 
parts per million as PO4 is 
then read directly from the 
values on the color standard 
slide » 



7- pH VALUE TEST 



Lnti^oduction . Corrosion, in its general sense, is the process which results 
in motiils being t>Uten away on the surface due to tlie formation of metal compounds 
such as oxides, chlorides, sulphates, etc. In recent years, this has formed the 
subject of serious scientific study and rescio'ch, and a number of plausible theories 
have been put forward explaining the phenomenon of corrosion. 

Principally, corrosion is regarded as an eleetro^-chemieal process which tiU<es 
place whjpn a metal is in contact with an ciectrolyte iu\d twc/dissimilar galvanic 
elements are present in the liquid. It is, in factj a chemical action between the 
metal itself on the one hgnd and the dissolved'salts on the other. This chomicar 
action is accelerated by the flow of electric current which is set up internally ixnd 
externally between the two galvanic elements. Two basic conditions must be ful- 
filled in order to«et up this electro-qhemical action, namely, ' 

(a) the presence of two galvanic elements at different electric potentials; 

(b) the ability of the electrolyte to split into '*ions'* whjlch serv e as vehicles 
for the flow of electric current through the liquid. 

It is not absolutely necessary that the two galvanic elements be compofsed of 
two differerft metals. Even non-homogeneity of structure in the same* metal may 
{)rovide the necessary difference in electric potential to set up a flow of electric 
current through Uie circuit, ^ j 
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.The second condition is fulfilled more fully if the electrolyte is "acldlc*\ 
than if it is ''neutral" or "alkaline**. Thus corrosion is intensive in a boiler 
when the water inside. is acidic. To ensure that this is prevented it is of 
benefit to keep. the boiler water slightly alkaline at all^time.s and thus counter- 
act the formation of acids diw'ing. the operation of the boiler* 

The upual litmus paper test merely determines whether the water is 
markedly ^'acidic" or markedly "alkaline^* but does not {;ive a measurement 
of the dej^ee of such acidity or alkalinity. An exact and sensitive measure- 
ment of acidity or alkalinity can be made on the basis of the ionic theory, 

l onicA Th eory, A normal atom is con^iposed of a heavy nucleus which has a 
positive charge and of one or more electrons (with practically no mass) which 
circle around ii. These electrons together have a negative electric charge which 
is equal but opposite to the positive charge of the nucleus. The twc/charges 
cancel each other out and the atom as a whole is neutral. 

Und(*r certain conditions, an atom attracts to itsel/%n extra electron or 
loscjs, out of^its own quota, an electron. This upsets the equilibrium and 
imparts to the atonTas a whole a negative charge or a positive charge. A very 
similar process can happen toftJi[roups of atoms. An atom or a group of atoms 
which has a smaller or gi'cattn' number of (ileetrons than tlie* normal comple- 
ment is known as an ion. An ion will thus necessarily have a negative or 
positive electrical charge; and \^en two galvanic elements of different electric 
potential arc present, it will move towards one of them. 

In c)(*ctr()lysis , all liquids containing water show a tendency for a part of 
th(* wat(M' molecules to separate out into two kinds of ions, namely "hydrogen 
ions" and "hydroxyl ions". Hydrogen ions eaeh have an electron short of 
nornial c()in|)lciiu»nt andart^, therefore , positively charged. Hydroxyl ions, 
on th(^ other hand, each have an el(»ctron in excess and in consequence are 
ncf^i^tivc^ly c^hargcd. When the number of hydrogen ions an^ exactly c*qual to 
lh(» numb(»r of hydroxyl ions, the solution is said to l)c neutral. When the 
hydrogen ions arc* in great(*r ni/mber than tlu^ hydroxyl ions , the solution is 
an "a(M(r\ If the luwcrst* is the cas(\ it is an "alkali". In fact, it is the 
di.^^pftiMty in the numbeis of the two types of ions that imparts to acids and 
alkalis tluMr distinguishing qualities , , 

Pure water dissociates slightly into hydrogen mul hydroxyl ions of equal 
rnimhiM-, hut lo;iV(\s the watiM' as a whole ntnitrah There is very nearly cm^ ^ 
gnun of hy(lrog (ni ions in ea^h ten million litres of water . An (Mjuai number of 
hydroxyl ions is present. Since a single hydroxyl ions has a mass seventeen 
times that of a hydrogen ion, It follows that the mass of hydroxyl ions in each 
ten million litres of water is seventeen griuns. Since 1 g--mass of hydrogen 
ions ;md''l7^g-mass of hydroxyl ions represent the same number of ions, the 
quantities in both cUses are defined i\s being "one gram -ion" ♦ This definition 
is very similar to the practice adopted in the definition of "gram -molecular 
mass" or,"pound-molocular mass", when dealing with laws of gQ||cs« Thus, 
in 1 l/of pure water, there are 10"' g-ions of hydrogen ions and 10'^'' g-lons 
of hydroxyl |ions • ^ 



J 




{VK2 2 7 ID) 



By the law of rnass action In chemistry, the product of conoontratlons of 
these hydrogen and hvdroxvl ions is a constant for all solutions containing wat^jr. 
ThU{3, the product of 10'"^^ jp^am-lons per litre Is constant. The addition of an 
acid substance lU^e HCl (hydiH)chloric acid) or H2SO4 (8uli)huric acid) increases 
tJio number of free hydrogen ions and to the extent this increase takes place, 
the number of hydroxyl ions is reduced so that the product of the two concentra- 
tions is constant at 10'^1'^» 

fl • 

Conversely the addition of an alkali substance like NaOH (caustic ^oda) 
in(?reasos the number of free hydroxyl ions and reduces the number of free 
hydrojjen ions, again keeping th« product of tho two concentrations constant 
at l(r^4^ This moans that if in4ll water solution in which the hydrogen ion 
concentration is 10^''^, it is understood that it is. neutral. If it is greatcn- than 
10"*''. say 10'" •\ then it Is acid. If it is smaller, say 10'^^\ then it alkaline. 
The expression ^'hydiogen ion concentration*' is shortened by the, term ''pH val^e' 

..a;»>. '^^h^MlU^NoUtjq^ Whatcwer the concentration of hydrogen ions in aparticu-* 
lar sampU* of watmr solution, it can be represented In terms of a power of 10, ' 
'Hie in(l(*x alone will tlum be a variable qumitity, and will invariably be a neg- 
ative Quantity. In order, however, to avoid the use of (nnnb(M'S()me exi)onential 
luiurti^ns to (wpress v(M\y small e()ne(MUrati()ns , the logarithm of the hydi'ogen 
ion e JiKHMitration to the base 10, with sign reversed, is used'for expressing 
aeiditry or alkalinity. Thus, a hydrogen ion concentration of 10"^'^ is ex|)ressed 
as "pH 7'', that is, a neutral solution. Similarly, a hydrogen Ion concentration 
of U\^<^ is written as "pH 9", Jhat Is, an alkaline .solution. 

Thus, th(* det(^rmination of the pH value of a sample of boil(*r water gives 
a very ac^eOi'atc* and ck^ai' i)ieture of th(* condition of the water insider the boiler. 
If) order to k(H*i) th(* water slightly alkaline , the 1)11 value should always' read 
mor(* than. 7 . > ' ] 

There [xvv two laboi'atory tests available for the measurement of pH values; 

(i) ' Colorimotric^ieasurement, f ' ' 

(ii) •Klaetromotric measurement by battery-operaUnl pH meter, 

r • 

(i) ('ol()rij[n(*tri(^ M(»asur(7nent of pi! Vah|es, Th(* cM)lorlm(vtri(? n^ethod of 
th(* (l(*t(M'minati()n of pll v^hu* (k»i)(*nds on (he us(* of indicator scplulions . th(* 
ranf',(* of i'nch solution IxMng su(^h that, ai*rang(Hl in aSfMnuling oi*4lor. th(\y 
e()V(M' a low pILvalue. say 4. tb 'a^high pll vahu*. say i;<,'Th(» lr(Mtinen^ of the 
giv(M) l)()il(»r wat(M* sample with these indicjator solutions and tlu* observation 
aud (M)mparison of th(* iH*sultlng color ehanges\wlth the known i)r()|)(^rticH of 
the indicators are the basic features of this method. . * 



; Table 2 gives the nilevant i)artlculai*s relating to a set of indicator soki- v^; 
tions which ai*e in use in laboratories for this purpose. 



Kig. 2 illustrates the equipment* 
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Test , Six test tubes 
are each filled with 10 nil. 
of the boiler-wator sample ♦ 
A Seventh tube is then 
• filled with 10 mL of- distilled 
water. To each of the six 
tubes with the sample unde 
test, O.f) mli orone of thc^six 
separate indicator solutions 
is added, at the same time 
taking eaVe to ensure thalx 
no test tube receives more ' 
than one indicator solution. 
The indicator solutions ai^e 
all graded in such a way 
that each of them indicates 
a definite range of pH value 
ruid that, bet\vcen them, tlie 
riinge covered is between 
^ pH4 and pHlli. The trst 

tube which shows a chaiigc in 
color of the indicator solu- 
tion is then noted and the pfl 
range of the sample thus 
located. 

V 

This test tube is then 
placed in a pH comparator 
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Indicator 
/rcc 



Hrbm crcsol jrcco 
Chlorphcnol rcil 
Phenol rcil 
Thymol blue 
ThymolphiluttchT*"' 
Nilro yellow 
Sulpho orange 



OriKinal 
C4)lor of 
indicalor I 

Green 
Kcil 
Red 
Dluc 
*C(»lourkss 
Yclh»w : 
Orange ; 



pM range in 
which color, 
ehaijges 



roioR 



4 0 

5 2 

6 8 
8 0 

] 

10 .1 

no 



"5 6 
6 8 
HA 
9 6 
10 5 
116 
12 6 



HeloV . 


Above 


lower i 


higher 


pM value 1 


p\\ value 


Yellow * 


lUuc 


Yellow ' 


Red 


Yclh»w ' 


Red , 


Yellow 


Red 


(\i|o(jrloss 


Hlue 


Yell(»w 


Orange 


. Yellow 1 


Orange 




Colorimetric 
Method 



which is :u\ instrument dcsij^iied to det<?rmine the correct pH value of a 
syimple, the pH range. of which is already known. The correct pM value 
of the sam|)le is thus dtitermined und recorded. ^ . ^ . 

The value obtaincMl in tliis way is verified with the reading obtained from 
an electronic |)H meter, if such an instrument is available. 

(ii) T[^ttery-ot)eratc*d pH meter. In this method of evaluation of pH valvre, 
a sjKunal ty))e of c(*ll consisting of a glass and a ealom(?l electrode? is uscul, the 
boiler water sample undei' test bcnng used as the eUuitrolytc*. Tlu* potcMitial 
b(?twcen these two electrodes^ varies directly with the amowt of hyth ogen ion 
eonec^nti'ation in th(» solution. Hence the nuuisur(;m(?nt of this potential by 
nutans of a voltineter 'Will give the pH value if the'calibration of the instrumc^nt 
is* in* pH nun^bers instead of volts.- 

However » with the use of a plain voltmeter directly across the two eleetrocll* 
tt^rminals, aecui^ate measurement of the electrode potential becomes difficult- 
Hence an adjustable external voltage is utili/.ed to balance tliis electrode* poteh- 
Itial and the pll value is directly read on a highly sensitive voltmeter. This is 
tlie principle undertying tne pH met^u\ a4though for purposes of sensitive 
measurerjfumt and eliminatioiii of possible errors from all sources, a ^comp- 
licated electronic instrument of great sensitivity is employed. 
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In reality, the pH meter is a 
voftmeter with its scale calibrated 
to read the pH value. ^ Fig, 3 brings 
ouf clearly the principle of operation ^ 
of the pH nrieter. 

Referring to the figure: Hj^, ^^2] 
resistances; Rg^ Rgg ^ adjustable ) 
resistances; B - dry battery; Sw ^ 
switch; TK ^ tapping key; G /■ Galvtui- \ 
ometer; V - voltmeter calibrated to 
read pH value directly. 

Tabulation of Results 

The results of the various tests 
should be entered In a tabulated 
iuialys is report for purposes of record. 
To ensure that the results are free from 
errors, it is recommended that every 
^ test be conducted three times ;uid the mcim 
value of the three tests accepted as 
correct. . 



Si 




6lass 
electrode 



Cohmel 
e/ectrodc 



Test 
solution 



Principle ofppOration of 
the pH Meter 



Fig, 4 shows a Bookman model 12 pH meter assembly. 




1. Electrode 

Clii) 

2. Support Rod 

3/ Electrode 
Stop 

4, Combinati^on 
plectrode 

5. GlasvS Fleet rode 

T-erminal 

6* Reference 
* 'Flec^trode 
Terminal 

7. Buffer 
Solution 
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Bockman Model T2 pll meter Assembly 
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Vofihble speed dnve 
Outlet launder 



Cttemtcol teed mtet 



Inlet 




Sludge outlet 



Clarifier 
Fig. 6 



"FiJ^r rates are usually 
l)clwoen 100 to 200 L/m^/min 
of filtc^r area and may be bu 
in si/(\s of 0.:} to W m iR clia! 
olor, ami 1 .25 to K5 m in 



1 



Filters arc kept in effective 
rondilion by barkwashinf?; prcs-- 
sure head (bM)|). across the bed 
wil^ indicate th(i pronross of 
fouling, ;rhe backwash rate must 
j|)e ^^ontroUed so as to effectively 
*clean the filter medium but not 
cause viU;nt agitation of the bed 
mid losse.H of filter material. An 
avera^^e fifjfu re might be Y'r/L/m^ 
min» ' . 

Usually these filters will f)0 
installed in p.'irallel so that one 
at a tim(^ nwiy be closed off from 
the water flow and backwashed. 




Uoct^wost) out 
Inlet 

BackwQSt) in 
Outlet >< 

Weir 
Droin 

Butterfly volve 



Inlet bottle 



Filter 
Fi£;^ 



Fire sond 

Coorse 
sand 

eroded 
grovel 

Concrete 
sub fill 



-Header loterol 
stroiner system 
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Linie-Sod^ Softening 

!vime-s(;da softening is ennploy^d for the removal of hardness in order to 
minimize scale and sludge; incidental to this removal of hardness, free ca^^bon- 
dioxide will be removed . and turbidity reduced • . 

The process mtiy be carried out Cold or Ilot^ Addition of heat speedy the 
completion ofHhe reactions. The. Hot process is usually employed in boiler water 
treatment, using as a heat source either live or exhaust steam. 

Figs. 9 and 10 give diagrams of common types. . t 

Chemical Processes >^ ^ ^ . . 

llydrated lime, Ca(6H)^, produced from unslaktjd lime, (CaO), and water is 
used to chemically precipitJue the carbomite (temporary) hardness in water as 
follows: * 



(1) CadiCO^)^ 

CalciunV; ' 
Uiearboritite 

and 

(2) Mg{IIC03)2 \ 

Magnesium 
Bicarbonate 



4- 



CaCOH)^ / 

Calcium 
Hydroxide 



2Ca(OH)2 

Oulciujn 
Hydroxide 



2CaCO,, . 

Calciimi 
Carl)onato 



Mg(0H)2 

Magnesium 
Hydroxide 



Water 



2CaC02 + 2\l^O 

Calcium , 
Carbonate + Wate 



The hydrated lime also reacts to precipitate the sulphate and chloride 
(permanent) hanhiess in accordance with the following: ■ 



(;{) Mg!SO* 



M agnesium 
Sulphate 



and 

(I) MgCl 



Magnesium 
Chiouide 



Calcium 
Hydroxide 



Ca(OH)^ ^ 

Calciurm 
Hydroxide 



Mg(0H)2 . 

Magnesium 
Hydj^;oxl<^e 



Mg(OII).^ 

•Magnesium 
Hydi^oxide 



CaSO 

4 

Calcium 
Sulphate 



CaCi,. 

Cidcium 
Chloride 



The, ('aleium sulphate luxd Calcium Chlori(1^ resulting from these reactions 
together with that naturiilly present in the water then reacts with the soda^ash 
(S(Klium Carbonate) as. follows: ' 



(0) CaSO J 

Calcium 
i Sulphate 

and 

(0) CaCljj 

Calcium 
(:hl()rid(^ 

(Ph;2-2-7-22) 



Sodium ■ 
Carbonate 



S(xHum 
Carl)6nale 



CaCO., 

(jalciiim 
. Carbonate 
i ' ' 

Cac:o_ 

,Caltium 
X'?irbonatc 



Na^SO. 
2 4 

Sodium ^ 

Sulphate, 

2NaCl 

S(xlium 
Chloride 



It will seen from the above reactions that conversions have been made 
from calcium and magheslum sulpliates to calcium carbonate and rhagnesium 
hydroxide. „ ' 

* ' \ 

' These conversions are aimed firstly at complete precipitation of all of 
the calcium and. magnesium salts and secondly, in the event that . some salts 
do ^nter the boiler, that they should be calciumi^jarbonate rather than cal- 

i4' cium sulphate, and magnesium hydroxide rather than magnesium sulphate. 

Boiler, sjcales are generally made up of a mixture of substances - de- 
pending upon boil e^ conditions and vary considerably in hardness and tlxtiife. 
Cheniical analy^g^is^has shown that the chief constituents of hard scales are • 
calcium sulphate^nd calciun^ and magnesium silicates. On the other hand 
m>(t sludges are compos0d mainly of calcium carbonate and magnesium 
hydroxide. 

Calcium sulphate in particular is the.main scale forming constituent 
found in hoilor water and when thrown ovU*of solution on a hot metal surface, 
forms a hard dens^scale which adheres, tenaciously . 
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Hot^Process Phosphate Softentri a^ 5 ^ . 

Hot phosphate softening is ^mploy^^^^ the treatnnent of feedwaters 
which are low in hardness >nd alkali^ in turbidity. It may be 

used as a follow-up process to hot lime soda softening, though the devel- 
oprVient of ion exchange resins h^a>;mad^^^ exchange softening more 
.advantageous. \ ..^y^'' -f'^^^l/ . V . . i 

^ Silica reduction is .accqn^plis^ hot phosphate softener by 

magnesium sulphate. ' /J^'-- ' ./ 

In addition, phosphorio'abid.]and/or sulphuric acid may be used 
i)rior to softening in-order to ,r eikc^^^^^^^^ and assure a low carbon 

dioxide content in the steawl;,'^ 

: • ...v\V >;^^ ■ ' " " > 

* Sedium /Z eolit e Softe ning / 

Impurities that dissolve in ,\vate r dissociatt^ to form |)ositively and 
'n('i^ativ(^ly charfi;efl partick>s..k^ ions, 

The positi've ions/aye named cations because they migrate to the 
'n(»galivo electrode (cathode) in an electrolytic cell, Negative part.ich^s^ 
arc then anions since they are attracted to the anode. These iohs exist ' 
Ihrouj'hoiU the solution and :xvi almost in(l(»f||^nckMitly , Kor example, 
magnesium sulphate (MgS(J^^) chssociates in solution to form |.)ositive 
magnesium' ions and negative sulphate ions, (umerally all natural waters 
•eonlaiii electrolytes in varying'(H)n(H>nti*alions . • ^, 



Ion i^xehange material has tlu^ ability to (*x(*hang(» one* ion lor/an.olta^/ 
liold it lem|)orarily in ehemi(*al (Combination and give* it up to a'stron^g^^P 
reg(MUM'ating solution /All ion (\\ehange materials ar(\ commonly called ' ' 
/(»olit(\s though lh(\v are dividcMl into ani^)n exeh-ang(M\s and cation . . \ 
e'xrhangers. " ' . / •* ; . \ 

Sodiupi Zeolite solttMiin^ is by lar Ihv most (M)nimon of the c^xcdiange 
rea(Mions invol\(Ml in wat(\r (»ondi tionin'g anri is geiUM'al.ly th(* ()n(* r(»terr(Mi. 
l(» v^hen lh(v ttM'm '*ZcM)lite soltcMiing'' is us(mI without luj('ther'qualifi(\;ition'. 

^ Ion (*\(*liang(* (as mentioned above) is rlividr^d into two groups, . ; 

(a) Cation t^^^'^hangers (()|)e rating cMth(M' on th<' sod.iu'ni eyele or th(^ ■ 
hydrogen cycle*) such as natural gre(Misand.? s\aUhetic f||l,, sul 
phuraled coal, si vr(»ne rt*sln. , \ \ 

■(})) Anion ex(^^^ (either weakly basieiOr,;strongly b'asi.c)., ali|)ha.Ue 

''.r^ amine, phenolic» ' ' ■ ■* \ ' ^ V 



' ■ ■■ ' / > 25 ' • • • •. • • ;■; 

■„'•■•■■ . ''iWp mateHi's operating ^p^^ 
• •l>.v : regardless of how they haye boon produQCd, ^ave a complex rhol'eculc , 

ao!cliu«i^ attached ; they: an^ ropfesente<j i equation by using th0 • 

sy.M)ol Nh| where Na stJihds for the i^fOcliifiTi and Z for the coinplex- zeolite radical. 
'''^*'-y'k:;^:'^o that thcTcac^on in sodiuin z^iolitctsoftening is a^j follows: ' ' 

. ■ 'Ci\^^*'r^. f. ''-^ -'Na^Z' CaZ-^ y-:'. + -Na^ ' ': 



"SsOdlitfA"': '>f\ ..... "J Calcium' . So(iium ' 

'^'■'■^iQn:^:;:.^-:^--^ •+ Zfei^lite" r ..j- Zeolite + ion 

5Jb'.i-i^^cn this t'eactioA h-a;^;.l^Voe^fid(il(l.;|d ■the>^p6int where the zeolite will release" 



..•Mil ; 



. '*Yi6 nlor'e eo^^ b^tiomcs'-iieeessary to regenerate 

:v■•^<'p••y■^^;■■^zeollte bed.-.;? -7^^^^^^ " ' ■ 

. . ^^^^^^^^^^^^^^ -byVsy^tShing v?jth. U' strong-salt solution (sodium 



:f 'v.:*^^.. , . . .the hiKf) QGpp.eht.i\ of 'tlfye'-^lium ..i^^^ in'the 4J)iU'. solution reversei 

■.•.vi' . ■ ;. /.:-.CiiZ>-: v-;^l-V- -^^v(>l. ;:,,,^,^N^^^ + C^^l-^ ' 



; ; ,'Zc;4^litev^-^#''^.'+. Ghloride- ' ' -.^^eoiitc . . 



+ ''(;iflori(ic'y^ 

. ' ' I ♦ * . ■. jr. 




The/calqium piacipd in%o|uti^)rt,-l|y>tMs rcgcncratl6ifi-*is run' 'to, waste as 
••r--.fVi#-v":'y' •'•&'>•■•. v..'; I'Mg. -.U s how's '1l6ge.nerlit')in{^,^^ Bird Archer' vt' " 
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REGjENEIiATING INSTRUCTIONS ./ ^ 



WATCR. Backwash ! Close valves ^'A''' and '•E'^. *l<otatc Solo Valve tc^ 



position 1. Slowly ^opcn valve !.;a'\ If large ^coliu 
.particles, wash lo di'ain, Ihrpttle ''A**. Wash until cf' 
fluent is elcar biAt not Iqss thaii time given at right . . 



Inject; 



Pis pi 



ace.: 



EUnse ; 



Servure 



i 



a osc valve ''A*'. Rotate Solo Valve to position 2» 
Open valves ;'A*' and ''G". V^atc cpck; on brine inlei 
should be >sei for correct flow. 

Close valve ''G". Solo Valve remains in position 2. 
Allow w^ier to flow to waste. 

Open valve '*D'*. Solo Valve remains in position 2» 

Fast rinse co sump at rate of ... 

or until hardness is reduced sufficiently to return unii 
to service. Close valves v?a'* and^'B'*. 

Rotate Solo Valve to posiuon 3. Reset meter dial foi 
desired gallonagc per rcgehcration. Open Valves •*A** 
and Open vent valve ''V" ftequently during ser« 

vice run. Check, hardJ>ess at regular intervals. 
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taf/i , . 
1 IVDROMA TKr SINC;i.I; CONTUOl. VALVi: 

DIl-l-USOR UNDI'.RDRAIN 
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■ • ; ' 

Hydrotren Ze olite Cation Exchange * 

' / 

Hydro(;on zeolite is a matci||^ which has the ability to exchange hydrogen 
for the cations of calcium, magnysium,. sodium etc. Regeneration of the hydro- 
gen '/eolite bed is carried out with acid; sulphuric acid is usually chosen 
l)ecause of its low cost. . , 

When water containing ealeium, magnesium and sodium ions is passed 
througlfa hydrogen zeolite, these ions are exchanged for hydiogen and the' 
l)ic^rl)onate, sulphate, nitratt) and Ghloi idc radicals are converted to their 
respective adds, namely, carbonic acid, (H^^COj), sulphuric acid,(H2SC)4) , 
nitric acid,(nN03), and hydrochloric acid,, (IICl), When the zeolite becomes 
exhausted it is backwashed^d regenera^d with acid. 

The carbonic acid (H2CO3) is v/hy unstable in vyater and ea^j^easily be 
removed by aeration or degas if ica^iun. " 

The other acicLs, sulphuric, nitric and hydrochloric musjl be neutrali/.(»(i 
to prevfint acu^io corrosion of the pipework etc, Xji^is can be doiu* by usinfi; ' 
alkali such as ^austic soda (NaO^^) or soda ash (Na,;^(X);j) but the cost ol 
chemicals wilLbe hifth if the quantity of watt^r is gi-eat. 

' ; m 

Alternatively the hydro^jen zeojite softener may f^)e conil)incd with a^sodium 
zeolite unit, ; 

♦» ■ ♦ 

Fi^, 13 shows hydro^cm zeolite and sodium /eolite unUs in paralhil ^ 
f()ll(W(rd f)y a d(»nasifier, and Fi^, 1^ shows the? layout usin^ hydrogen zeolije 
followed by (lej;asifier and alkaline neutralize]'. 

N()t(» that the sodium zeolite unit is placed in parallel with the hydrof^en > 
unit, the quantity of water passing throu^jh the sodium unit must be carefully 
calculated so as to produce final treated water of the desired alkalinity. 

Cation o^chanf^c methods^of w^ter softeninf^ by hydrof^en zeolite as 
({(•S(?ril)ed above are used principally mi water wlych is low in hardnesSflnit 
high in bicarbonate *alkalini,ty, . 

• ' • . ■ 

. . IXMnineraU^^^ . 

; l)<MYiin(»raliz4ng by ion exchange has' fjroved an^^icMCnt means of remov- 
ing di?;solved salts from water, Trcjated wat(vr is prI)^4C(Ml that is the e-quivalent 
of distilled water, free of all except traces, of salts, gases yr silica: 

nissolv(Mi salts !in water i()niz<» (or split) fnto charged particles called . «^ 
^ons, positive eatioris and negative anions. 



N 



(VK2 2 '7 2H) 



..173 



I 





UNfT 



» ■ 



1^ 



HycU'ogcn and Sodium Zeolite wwxis in Parallel 
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Hydrogen ZeoliU) with AlkiCli Neutralization 
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The ion exehani^e procoss UUcos place m two stops, first the positive metallic 
ions (cations) calcium, maj^neslum , and Sodium are removed by a eatiRn exchange 
unit using hydrogen zeolite, and secondly the remaining negative Ions (anions) 
sulphates, chlorides, etc. are removed by the anion exchanger. The acids pro- 
duc:e(t in the first (cation) exchange process are also rcmovcni |n the second (imi on) 
exchanger process to complete, the deminoralization and produce a water of extreme 
purity. . ; • r ■ 



Prior to the relt^tively jecent development of Ihe highly basic iiiion exchange 
resins, demineralization of n water by ion exchange did not lower Che silica con- 
tent. Without silica removal demineralization possq^sed limited application in 
the preparation of boiler feedlwater since the silica would permit the formation of 
bovlor scale or vaporize with the steam and cause turbine blade deposits. 

Highly basic anion resins are capable of absorbing silica from demineralizod 
water so that the i)roccss b^Qomfes as effecttve as evaporation (distillation) and 
•is very frequently less costly. 

. i . . 

The chemistry of demineralization is ayVfoUows: 



Cation Kxchiuige 
CaA' 

MgA 



Salts 



Hyd r©Kon 
Zeolite 




Used 
Zeolite 



Acids 



The letter A re|)roHents the bicarbonate, sulphate or nitrate present in the 
water with ealeiuni, magnesium and scxiium. The letter '/ reprerientii the zeolite 
mat<M'ial. II Z rijprcsents a zeolite or cation exchange material in which' the ex- 
changeable \m is hydrogen. The salts in the water react with the exefiarifce/^ ■ 
material and the cations (ealciiini, niagn('sium and S(Miium) remain with thclused 
zeolite. Hydrogen replaces the other cations in th'c wafer forming dilute acids'.. ' 



(l>Ki?-2-7-;J0) 



3X 



Henco the sulphatca , chlorides and nitratei? form free mineraf acids 
(F.M.A.) as fjoUows: ' ■ ^ 



Magnesium 

2NAC1; 

Sodium 
Chloride 



Hydrogen 
Zoolito 



Hydrogen 
Zoolite 



/ 



MgZ 

Magnesium 
ZcoUte ^ 



NagZ 

Sodium 
Zeolite 



4 



Sulphur i c 
Acid 

2HC1 

Hydi'ochlorici 
Acid 



IVtcarbonate salts in the water form darbonic acid: 



Ca(IJC03).^ 

(lalnium 
Hi (Jar bona to 



H,Z 



Hydrogen ^ 
Zeolite 



CaZ 

Calcium 



Zeolite 

Carbonic acid will in turn form free CO,^ gas: 

Water 



Carln)nic 
Acid 



Carbon 
Dioxide 



2H,^C03 

Carbonic \ 
Acid ^ 



In th(» s(UM)rul stage, the anion exchanger has*a mixed bed of both stronly 
^basic and wc^akly basic anion exchange resins. Together they remove the . 
^remaining negative ions (anions) sulphates, chlorides, etc* and also the 
acids .''(Tarbon ^ioxide and silica: * ' 



Sulphuric 
Acid 



H(OH)^ 

Hydroxide. 
Uesin' 



Sulf)hate 
Hesin 



Water 



2HCI 

Hy(ijH)(;hlorie 
Acid 



Hydroxide 
Rosin 



Chloride 
Uesin 



Water 



CO, 

('ari)()n 
Dioxide 

ir^SiO 
Si Ilea 



R(OH), 

Hydroxide 
Uesin 

U(qil), 

Hydroxide 
'U<'})iri 



UCO.j ■ 

Cari)onate 
Uesin 

ItSiO., 

Si Ilea 
lies In 



H,0 



Water 
2H,p 

Water 
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RoKcnerution is ciirrioti out by first baclcv^ishinjr t0|cl'0iui the beds, .uid in the 
i. oiise of mixed beds, to classify the rosins,, (Here the lighter resin settles to the 

. t 'bottom. A sharp line of demarcation is visible through a sight.glass on the side of 

the t;uik.) ' ' ' ^ 

« 

' Cation cxchimgc units are rcgtmeratoci with acid, usually N/50 sulphuric, and 

the anion exchiinge units are regenerated wkh caustic soda< 

Det^^isification is included in the deminoraii/.inn process in order to remove the 
carbon dioxide jjas wliich has been released in the process • 

Fi(?, IT) shows the demineraiUation layout and Fig. IG a degasifier. 
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Fig. 17 s.lUnvs a block diagr:mi prepared by Messrs. Graver showing the ppm 
of silica, hardness, alk;Uinity, sulphates imcrchloridos of a topical raW water and 
the (juiuitities rem;uning after treatment by various methods. ^ • 

Ditern^il Water Conditioning ^ 



Thv methods, of water trcatmenl d^^^scribed in,the preceding materi;^! arc 
carried out before the water is supplied 'to the boilers, so-ealled water softening; 
A final adjustment to the water purity is almost always required however, imd this 
is (lone by injecting ghemicals directly into the boiler or its feed systeYn, so--called 
conditioning. * • ' 

The final conditioning of a boiler fccdwater is the process whereby the nu^tallic 



;uid acid radieils are so adjusted^that only calcium or magnesium salts 
solubility (characteristics' arc prcxIucecL The chemicals used for^this pi 



of positive 
purpose^Irc^^. 

S(Kla ash (Na2(-0:j) or sixlium pho.sphale* The use of soda-ash is limited to tcnijv- ' 
(M atures of about 200^K^ (17r>() kPa pr(\ssure) the reason being that above-JLhes(^ ^ 
temperatures stKlium c:jirbonate hydiolyses ir^ solution prcxtucing NtaOH an(K:()2 gas 
which passes jiway with the ste;mi. Scxiium phosphate however is stal)le at all 
boiler operating temperalures so far encountered ;md does not decompose. 

'rhe phosphate used may be S(Klit^un, discxlium, tri«^Klinm or S(xliuHr^ietaph()s-- 
pliate according to the water alkalinity. The usual practice is to inject Ihonr || 
(du?micals directly into the boiler di mii on a continuous basis, .using! a small high- 
pi'(?ssure nun pujn|) for the pur^)se» 

• . ♦ ■ ■ 

Chcmueals used to control tlie oxygen content of the boihM- water are S(xliutn 

sidphit(^ (Na^SO;}) and hydrazine (N^H.i)- Use of sfxlium sulphite is usually re- 

;Strict(;d to boiler water temperatures below abouU2(iO^C (4J)0() kPa) because of^a 

tendency for ILS gas to be formed and carried ofAvith the stcjxm. 

These chemicals are usufdly pumped eontinuo«6ly into the suction side of the ^ ■ 

boiler feed piuiip in order to give protection to the whole feed system. * ^ * 

g^. In addition to the above mentloncul chomicjils^ iLmines' imd colloids may be 
^WPOfttl^ protection ugjiinst oxygiui and carbon dioxide attack in the plarU piping 
Ymm alwf to^assist in producing a fluid sludge In th(^ boiler • 
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Kig. 18 shows a- typical proportioning pump used for injoctinK boil'pr cluim- 
icals. These pumps must be positive displacement in order to overconrte the 
high pressure in the boiler and they must also be capable of accurate control 
of discharge quantity. ' , , ^ 

The i)ump shown^s a reciprocating pump'with an infinitely v^iable stroke. 
^ Ro.tationof the oontrorknob and its threa«bd spindle sets the position of the 
"slide on the piston drive rocker arm and consequently the length of the piston 
'stVoke. 

' " . ' ' ' 

Kvaporation • i - . 

Pure wat(?r can bo prochiccd^by a process of distillation. This is done by ^ 
l)oiliTlg tf>o raw water followed by condensation of the steam produced. All 
impurities ^e left behind except entrained Rai?o<f; if these are given un^oppor- 
tunity to^^ent. the water produced ii?. pUre . ^ ' ' ^ ' . 

' Th'ti process is expensive in tc/ritia of' heat required and will-brtly be usecj 
u'h(M't; it can +)e proved to be economicjill^ sound, o . ' 

Kvapbrators are. desciMl)c;d in Ix^cti^'c 9. Section 3, ^ ' 

*■ ' ' ■ * ' * 

fchemigaff Cleaning • ^ , ' , 

Chemical cleaning of boilers and.pressure vessels, can be carivied out by 
various Ttieahs and js widely adopted because of the difficulty of access in 
modcjrn hi^i-pressure unUs for mechanical-cleaning. o ^ ' 

Ofl-Joad cleaning is carried out usir^ inhibited acid (usualJy dilut(» hydro- 
(rhloric) either by soaking or by cir^|ilati ig until reaction betwecMi acid arid 
j^cah' ceases . . * \ ^ 

'rh(vs(» fluahods have th(» disadvantage of plant -outage* time and i^M'entiy 

some; supxuiss has bcQn achieved with on-load cleaning using chelating agents/ 

M '"'V/ > ■ ' ' .. ■ ' ' ' 

Chelating ag(^nLH^ i|{5fcontra^it to phosphates which pr(*cii)ital(? scale-forming 

.salts as slu(]g(j\ function byi/)rm'ing complex solubU* salts. This capacity is so 

])r(»dominant that muferials Wilch have already been pi*ecipitated'(^ttn hv solub- 

ili/ed under b.oiler c)p(^rating(yoncliti()ns . thus existing deposits can 1)(^ removes! 

by th(* application of a suitably balanced program. 

* "V. ' ^ . ' ^ ' \ : • 

The basics (duHating ag(ints are the sodium salts of (»thyldiamirSl(*^lw acM^tic^ 

acid and nitrilotriacetie acid^ » ' 

Mechanical Deae.rM^ 'is the term applied to the rexluction of oxygen 
(Mnrtent of feedwatcr by means other than chemical treatment. Kig, IS) shows ^ 
the volume of air, oxygen and carbon (Jioxide capable of remaining in solution 
in water at different temperatures and atmospheric pressure. ^ 

* Thc^scN^gases can be dispelled if the waU^r temper Arl? .is raised to boiling 
point and i.4 the principle of niechanical dcaeration. J^^Mwater heat(*rs j^nd 
deaei ators<iro used for the purpysc. This equipment will described in 
IxH ture U /Section 3. • * . ^ 

• r (PK2 2-7 34) 



185 



- 35 - 




Control Knob 



Threaded Spindle 



^ '^Chem-O-Feeder*' Mechanism 
, (Cut-away Viaw) 
Fig. 18 
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10 20 30 40 60 60 70 80 ^0 100 
WATER TEMPERATURE IN °C. 

Volume of air , oxygen and carbon dioxide 
in water at different temperatures when 
saturated with aiz" at atmospheric pressure 
Fig. 19 • 
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Socor|d. Class 



L State J;ho aimt5 of boiler water treatmont,*and define 'Vatfer soft^ning^' . 
and "watqr eonditioninij''; 

Draw up a sehedule of vyate,r tests designed to ensure the correet ^, 
operation of a steam power, plant. Say: 'A' 
' ; (a) what t(?sts should he earried out, ^ 
(b) why these have beea chosen, and 

(e) where i^.the plant eycle the test' samples should bo taken, 

3. (a) Define T. D.S. - ; 

(b) IX»scribe a method of test u^ed and' the apparatus employ<#^tdv^ 

find the T. D, S,, of a sample of boiler water. • 
(e) What is a permissible level of'T.D.S. in the water of a boiler ' 
/ operating at 4500 kPa? , / . , , ^• 

(d) How w(^ld yoU control^th is level,? ^ ^ ; ; 

1 (a) What is updei^stood by ''hardness" in a boiler^wator ? • 

(b) I)istin[;uish between "temporary" and "perman(»nt*| hardnrvss , nnd 

(e) State the effects of these on boiler heating sut^iuces. V*: 

^ ^ ^ .. ^ ■ ■ ^ ■ 

f).- What arc* the naain. methods used to overeome boi^ler waJ^| > 

^hard|.)rss ?' /v;*^ 
(b) lloW'^woufd you decide wliieh method to use. in aiX particular Vjase ?^ 

What are the purposes oj the' following water' tests (give bnef sta.t<^ments 
only): 1. Alkalinity .'^ ' { v.' V 

^Chloride . jt ^ % ' ^ 

Sodium Sulphite , atid t - v^ \ 

, ' • 4. Phos|)haU' . . ' - . .\v 

7, (a) What i.*? n^eant by the pll value of a boiU»r water, ' V 

w (b) Explain carefully the (k»rivation of the term* %. 
,(e) Say what bearing the pll value has upon the aetkm of tlve water upon, 
Ou»^ internal J^urfaees of the lyoiler. * , 



K,.. Kxplain th(» following terms: i 

^/ V Ueagenl liydiotfen ion 

/; - KUu^trolysis |||Wnc(Mitration 

Clarification' ' 7, Coagulation ' ^ 

. : '4. Solubility 8. Titration 

T), Indicator 9. Flocculation , 

5). (a). What' is meant by steam purity ? 

(b) How is it meas'ur(Mi» and l 

. (c) What wouljd be considered as harmful eontanvinants • | 



lO. (five a fufi deaeri/lttion J with sketched} and chemical reactions, of one 
> of. thc» mainjn^tho/lfi of wat<M- softening*. 
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